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ABSTRACT
Structures are a s s ig n e d  to the s ix  s tereo iso m ers  of the complex 
2 , 4 -p e n ta n e d io n a to b is (S -a la n in a to )c o b a l t ( I I I )  and to the diastereomers  
of  b i s ( 2 ,4 - p e n t a n e d io n a t o ) S -a m in o a c id a t o c o b a l t ( I I I ) , where the S -  
amino a c id  is  S - a l a n i n e ,  S - v a l i n e , N -m e t h y l -S -a la n i n e  and N -m e t h y l - S -  
v a l i n e .  Adsorption column chromatography on alumina was  used to 
separate  th e s e  neutral co m plex es  which are so luble  in water  and non-  
aqueous s o lv e n t s .  E lec t ron ic  absorption sp ectra  are  interpreted in 
ass ig n in g  geometr ic  isomers and C -O  bond an iso tro pic  deshie ld ing argu­
ments are appl ied to proton nmr ch e m ica l  shif ts  in making chiral  a s s i g n ­
ments of  the h e l i c a l  d ia s tere o m e rs .  A comparison is made between C -O  
bond deshie ld in g and N -D  s t e r i c  co m p re ss io n .  The proton nmr a s s i g n ­
ments are shown to be independent of the so lvent u sed in measuring 
c h e m ica l  shif ts  and agree  with a ss ig nm ents  made from circu lar  dichroism 
spectra  in every c a s e .  No s t e r e o s p e c i f i c i t y  was observed in th e se  
sy s te m s  or for the com plexes  b i s ( 2 , 4 -p entan ed ion ato )am ino ac id a to -  
cobalt ( II I )  where the amino a c id  is s a r c o s i n e ,  S -pro l ine  and S - s e r i n e .




H is to r ica l  Background
The coordinat ion theory outlined by Werner  in 189 W provided a 
b a s i s  for the development of modern day structural  inorganic chemistry .  
However,  substant ia t ion  of W erner 's  ideas required many years of c a r e ­
ful experimentat ion by a number of people to adequately  t e s t  and correct 
the  theory.  Throughout th is  entire period, the observation of opt ica l  
a c t iv i ty  in metal  com plexes  has  been tantamount to understanding the 
structures of  coordination compounds.  In part icular the progress  of 
th eor ies  and te ch n iq u e s  concerning o p t ic a l  a c t iv i ty  in octahedral 
coordination complexes  is  of  in tere s t .
Cotton had observed the anomalous o p t ic a l  a c t iv i ty  of  copper
O
tartrate s a l t s  in 1896^ and Werner  him self  resolved the fi rst  h e l i c a l  
coordination compounds by 1912 ,  [Co (en)2X2]+  ̂ and [ C o f e n ^ ]  in
order to demonstrate to h is  c r i t i c s  that the opt ica l  ac t iv i ty  of metal 
com plexes  was not in some manner due to  the p resen ce  of asymmetr ic 
carbon in the l ig a n d s ,  Werner  reso lv ed  a completely  inorganic h e l i c a l  
complex in 19 1 4 . 5 During th is  period opt ica l  a c t iv i ty  was measured 
only in terms of the rotat ional strength of the com plexes  at various w a v e ­
lengths of v i s i b l e  polarized l ight .
1
2
Meanwhile L i f sc h i tz ^  in 192 5 and Jaeger^ in 192 8 reported the first  
observed s t e r e o s p e c i f i c  behavior of metal  complexes  contain ing opt ica l ly  
a c t iv e  l ig a n d s .  Much of  th is  work has  been  improved upon, however not 
until  modern methods of a n a l y s i s  were a v a i lab le  (vida infra) .
In the ear ly  1 9 3 0 ' s ,  Mathieu^ and Kuhn^ studied the optica l  rotary 
d isp ers io n  (ORD) and c i rcu lar  dichroism (CD) of a great number of 
o p t ic a l ly  ac t iv e  metal  c o m p l e x e s .  As a result  of th is  work the h e l i c a l  
re la t io nsh ip s  of com plexes  were predictable  for the first  t ime by sp e c t ro ­
s c o p ic  t e c h n iq u e s .  From th i s  t ime until the 1 9 5 0 ' s  there was  l i t t le  
in tere s t  in ORD and CD of metal  co m p le x e s .  In the mid 1 9 3 0 ' s  B a i l a r ^  
and in the 19 5 0 ' s  B a s o l o ^  were very ac t ive  in the area of react io n 
m e ch a n ism s .  Bailar proposed, among other th in g s ,  the Walden inversion 
and Baso lo  found the SN1 p ro ce ss  occurred with octahedral complexes
much l ike  the mechanisms known for organic r e a c t io n s .
12
Moffitt  proposed a theory of o pt ica l  rotatory power involving d-d 
orbita l  e le c t ro n ic  tran s i t io ns  of metal  com plexes  in 195 6 thus stimulating 
new interest  in C D .  C ry s ta l  f ie ld theory was  adapted to expla in  the 
absorption spectra  and o p t ic a l ly  a c t iv e  d-d  bands of complexes  by a 
number of people :  I l s e  and Hartman, B a l lhausen ,  Jorgensen ,  Cotton,  
Liehr ,  Piper and o t h e r s .  ̂ In 1957 Saito et a l .  , ^  published the s ingle  
c r y s ta l  X -ray  structure of ( + ) jy [C o (e n ) 3] w h i c h  e s ta b l i s h e d  the b a s i s  
for ass ig n in g  the  h e l i c a l  arrangement of metal  com plexes  by a comparative
3
CD method. Mason and Douglas were very a c t iv e  in a ss ig n in g  the 
ch i ra l i ty  of o p t ic a l ly  a c t iv e  metal com plexes  by CD in the 19 6 0 ' s .  ^
About the same t im e ,  Dwyer,  Mellor  and S a r g e s o n 1® reported 
se ve ra l  e x te n s iv e  s tudies on the s t e r e o s p e c i f i c  behavior  of complexes 
containing o p t ic a l ly  a c t iv e  l ig a n d s .  This work revea led  that ear lier  c la im s 
of complete  s t e r e o s p e c i f i c i t y  imparted by o p t ic a l ly  ac t iv e  diamines were 
in error.  Bailar and Corey-1® th e o r e t i c a l ly  expla ined ring conformations 
in support o f  Dwyer 's  work and D o u g la s -1-7 has  developed the v ic in a l  
e f fe c t  in CD to expla in  the additive properties  of multiple o ptica l ly  ac t iv e  
c e n t e r s .
More recen t ly  se ve ra l  methods to a s s i g n  the h e l i c a l  configuration 
of o p t ic a l ly  ac t ive  metal com plexes  have been  reported. Hidaka et a l .  
have used the e x c i to n  ultraviolet  technique originated by B o s n i c h ^  to 
a s s ig n  chira l i ty  of metal co m p le x e s .  In 19 65 proton nuclear  magnetic 
reson an ce  (pmr) was used in the h e l i c a l  ass ig nm ent  of metal complexes  
by Cooke and D abrowiak. In the next few y e a r s ,  Brushmiller et a l . , ^  
developed a pmr method to predict  the ch ira l i ty  of metal  co m p lex es .
At the present time there is  much interest  in the he lica l ,  structure of 
octahedra l  c o m p l e x e s .  Many X-ray  structures have been  reported"^ anc[ 
new methods such a s  X-ray  powder p a t t e r n s ^  and Co^^nmr^^ are being 
in v est igated  a s  structural  to o ls  for predicting the s tereochem is try  of
metal  c o m p l e x e s .
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O ctahedra l  Metal  Complexes
In order to d i s c u s s  octahedral metal  com plexes  in terms of their 
s t ructure ,  some pertinent properties  of metal  ions and their complexes 
should be ment ioned. Cotton and W ilkenson have thoroughly d isc u sse d
th e s e  properties . 2 5
The majority of  transi tion metal  com plexes  known contain metal 
ions with hexavalent  coordination sp h e re s .  A metal ion of th is  type 
e xh ib i ts  s ix  equiv alent s i t e s  for e lec tron  donor atoms arranged about the 
metal  at  the a p e x e s  of a regular octahedron.  Thus the term "octahedral 
coordinate"  is  used to descr ibe  C o 2 + , Cr^+ , Rh2 + , Ir2 + , F e ^ + , Ru2+ and 
Pt^+ , a l l  of  which can accommodate  six  l igand donor a tom s.  If the to ta l  
e l e c t r i c a l  charge of  the l igands is  equal to the charge on the central  
metal  atom the complex is neutral  and is often ca l le d  an inner complex .  
When the to ta l  l igand charge is more or l e s s  than the metal ion charge 
an ionic complex r e su l t s  and counter ions must be present thus forming a 
complex s a l t .  Ion ic  complexes  have been e x t e n s iv e ly  studied in terms 
o f  their  s tructure ,  r e a c t io n s  and mechanisms probably b e c a u s e  of their
o  r
convenient  w ater  s o lu b i l i ty .  ° Most  inner co m p le x e s ,  on the other 
hand, show limited so lub i l i ty  and can be ca tegor ized as  one of  two 
t y p e s ,  ( 1) soluble  only in non-polar  so lvents  or (2) s l ight ly  soluble  in
water  and inso luble  in non-polar  s o lv e n t s .
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Ligands
Ligands encountered in octahedral com plexes  contain  as  many as  
s ix  atoms that donate a pair of e lec tro ns  to the centra l  metal  atom. For 
in s t a n c e ,  EDTA with a to ta l  of s ix  donor atoms is  termed a se xadentate  
ligand and ammonia with a s ingle  donor atom is c a l l e d  a unidentate 
l igand. However,  th is  d i s c u s s io n  will  be l imited to bidentate  l igands 
which have two donor atoms and form small  ring s y s te m s  or ch e la te  rings 
when coordinated to a metal  atom. The rings u su a l ly  contain a to ta l  of  
f ive  or s ix  atoms including the metal  atom. Smaller ch e la te  rings tend 
to  be very strained and larger rings are uncommon b e c a u s e  the ligand 
then preferent ia lly  br idges between two metal  a to m s .  For octahedral 
com plexes  a bidentate  l igand spans two a d ja c e n t  or c i s  posit ions  about 
the metal  atom and cannot span two n o n -a d ja c e n t  or trans s i t e s  due to 
the larger d is t a n c e s  involved.^  7
C l a s s i f i c a t i o n  of  Bidentate Ligands
For purposes of c la r i ty  in d i s c u s s in g  the s tere och em is try  of  com ­
p le x e s  it w il l  be convenient to c l a s s i f y  bidentate  l igands in three 
c a t e g o r ie s :  symmetric ,  unsymmetric and asymmetric  .
Symmetric ligands
Symmetric bidentate  l igands may be defined a s  l igands th a t ,  when 
coordinated to a metal  atom generate  a c h e la te  ring which p o s s e s s e s  a
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C2 rotation a x is  extending from the metal  atom through the center of  the 
l igand a s  shown in Figure 1.
F ig .  1 . - -Symmetry of a coordinated a c a c  l igand
In the c a s e  of a c a c  there is a l s o  a plane of symmetry defined by the 
metal  and the two oxygen donor a to m s.  Other examples  of well  known 
symmetric bidentate  l ig a n d s ,  a l s o  contain ing a plane of symmetry,  are 
o x ,  h f a , dipy and o - p h e n .  The l igand en is  an example of a symmetric 
l igand,  which upon coordinat ion ,  p o s s e s s e s  no plane of  symmetry.
Unsymmetric l igands
Unsymmetric bidentate  l igands when coordinated to a metal atom 
generate  a ch e la te  ring which has no rotat ional  symmetry but p o s s e s s  a. 
plane of  symmetry defined by the metal  atom and the two donor atoms as  
shown in Figure 2 .  Another definit ion of an unsymmetric ligand would be 
that  the donor atoms of the ligand are different as  in gly or groups on the 







F ig .  2 . - -S y m m e try  of a coordinated g ly  ligand
Asymmetric l igands
Asymmetric bidentate  l igands p o s s e s s  one or more asymmetr ic 
ce n ters  in the l igand and generally  exhib i t  only  C j  symmetry upon 
coordination to a metal  atom. A coordinated asymmetric  S-amino ac id  
(S-amac)  ligand is i l lu strated in Figure 3 .  S p e c ia l  c a s e s  of  asymmetr ic 
l igands such as  R,R or S , S  2 , 3 -diaminobutane (not the  meso form) 
exhib i t  C2 symmetry upon coordinat ion.  Thus the fundamental  require­
ment of  an asymmetr ic l igand is the coordinated ligand p o s s e s s  no S2 
or higher improper a x i s  of  symmetry.  The R ,S  nomenclature of Cahn^S 
is  used to d escr ibe  the asymmetric  centers  in the l igand s .
Spat ia l  Rela t ionsh ips  of T r i s - c h e l a t e  
Octahedral  Complexes
T r i s - c h e l a t e  octahedra l  complexes  are capab le  of exhibi ting 
s tereoisom erism  (isomerism in s p a c e ) . S tereoisom ers  refer  to  m olecules
composed of the same atoms but differing in the sp a t ia l  arrangement of
8
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Fig .  3 . — Symmetry of a coordinated S -a m a c  l igand
t h e s e  atoms and th ey are separated by an energy barrier .  The energy 
barrier is required in order to slow the interconversion of the s t e r e o ­
isomers long enough to observe  their individual e x i s t e n c e  by some 
e x p e r im e n t . 29 S tereoisom ers  may e x i s t  a s  enant iom ers ,  diastereomers 
or geometr ic isomers and th ese  are b e s t  d escr ibed  by using the above 
l igand c l a s s i f i c a t i o n s  with some examples  of s tereo iso m eric  metal 
com plexes  .
Complexes with three  symmetric l igands
An octahedra l  complex with three  ident ica l  symmetric l igands is 
cap ab le  of  e x is t in g  in the two forms a s  shown in Figure 4 for [ C o f e c a c ^ ]  . 
The isomers in Figure 4 are enant iomers  b e c a u s e  they are related a s  
molecule  and non-superim posable  mirror image.  Enantiomers may 
p o s s e s s  a proper a x i s  (or a x e s )  of rotation but may not exhib i t  an 
improper rotation a x i s .  In fact  the m o lecu les  in Figure 4 p o s s e s s  a C 3
9
F ig .  4 . - -E nan t io m e rs  of [ C o ( a c a c ) 3]
a x i s  and 3C2 a x e s  perpendicular to the C 3 a x i s .  Thus the term 
dissymmetr ic  is  more d es irable  than asymmetric  in descr ib ing  m olecules  
o f  th is  ty p e .  ^  It should be pointed out that a dissymmetr ic  molecule  
can  have one and only one non-superim posable  mirror image.
The h e l i c a l  ch i ra l i ty  or handedness of the com plexes  shown in 
Figure 4 is descr ibed by looking down the C 3 a x i s  and observing the 
h e l i c a l  s e n s e  which the bidentate  l igands impart to the  complex .  If the 
h e l ix  is right-handed or a c lo c k w is e  rotation of the  h e l ix  would ca u se  
the molecule  to move away from the o b serv e r ,  the h e l ix  is designated 
A  . i f  it is le f t -handed or a c o u n te r - c lo c k w is e  rotat ion would c a u s e  
the  molecule  to move away from the observer  the h e l ix  is  designated  A .  
It is noteworthy that the h e l i c a l  s e n s e  observed along one of the C2 a x e s  
perpendicular  to the C 3 a x i s  is  ju s t  the reverse  of the  h e l i c a l  s e n s e  
along the C 3 a x i s .  This change in the h e l i c a l  s e n s e  between symmetry 
a x e s  has produced a great deal of confusion in the nomenclature of
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h e l i c a l  metal  c h e l a t e s .  ^0 However the method out lined here was 
proposed by the IUPAC in 1970 .
Enantiomers have id ent ica l  s c a la r  p h y s ic a l  properties such a s  free 
energy ,  magnetic moment,  so lu b i l i ty ,  e t c .  , however they differ in 
d irect ion al  or v ec to r  p h y s ic a l  properties such as  the absorption of 
c ircu lar ly  polarized l ig ht ,  the direct ion of rotation of plane polarized 
l ig ht ,  or in teraction with another dissymmetr ic  m o le cu le .  In fact  
enant iomers  can be d ist inguished from one another only by techniques  
involving a d irect ional  or dissymmetr ic  media .  In the a b s e n c e  of such a 
media enant iomers  are formed in equal amounts and appear to be 
i d e n t i c a l .
Complexes  with three  unsymmetric l igands
Octahedral com plexes  containing three  ident ica l  unsymmetric 
l igands exhib i t  two modes of coordination in terms of the spat ia l  arrange­
ment of the donor atoms around the centra l  metal  atom. Figure 5 
i l lu s t ra te s  the p o s s ib le  isomers of a complex contain ing three gly 
l ig a n d s .  In Figure 5a the nitrogen donor atoms of a l l  three gly l igands 
are  coordinated a d ja c e n t  to one another on a tr iangular fa c e  of the 
octahedron and the complex has C 3 symmetry.  This arrangement is 
c a l le d  the f a c i a l  (f a c ) and c i s  form. In Figure 5b two of the nitrogen 
donor atoms are arranged in a n o n -a d ja c e n t  manner and the complex has  
symmetry.  This is termed meridional (mer) or trans coordination.
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Fig .  5 . — P o s s ib le  isomers of  [Co(gly)3]
F a c ia l  and meridional coordinat ion are examples  of geometr ic  isomerism 
in which the two forms exhib i t  different s c a la r  p h y s ica l  properties .  The 
most readi ly  observable  dif ference  between geometric isomers is  the 
unequal e f fe c t  of the two modes of coordination on the c ry s ta l  f ield 
spli t t ing  of  the metal  d o r b i ta l s .  Thus geometr ic  isomers of  a complex 
often have different v i s ib le  absorption s p e c t r a . ^
Both geometric arrangements of the tr is (gly) complex e x i s t  as 
and A  enantiomeric  pairs a s  shown in Figure 5 .  The h e l i c a l  chira li ty  
o f  the f a c i a l  isomers is observed along the C 3 a x i s  a s  previously
d e s c r ib e d .  For the meridional isomers which have no symmetry a x i s ,
12
a l l  three l igands are  assumed to be identical  and the h e l i c a l  ch ira l i ty  is
•3 I
observed along the pseudo C 3 a x i s .
Complexes with three asymmetric  l igands
Considering t r i s - t y p e  com plexes  with asymmetric  l igands the 
s ituat ion becomes more complicated s in c e  a l l  three  forms o f  s te r e o ­
isomerism are p o s s i b l e .  For brevity and c lar i ty  th is  d isc u ss io n  will  be 
l imited to the f a c i a l  geometry of a tr is (amac)  complex system in which 
only  one form of the amino ac id  is  present in any s ingle  s tereoisom er .  
With t h e s e  re s tr ic t io n s  Figure 6 i l lu s tra te s  such a sy s te m .
F ig .  6 . - - P o s s i b l e  isomers o f  f a c - [ C o ( r a c - a m a c ) 3]
13
Two s e t s  of enant iom ers ,  A  - R , R , R ;  A - s , s , s  (a racemic  pair) 
and A  - S , S , S ;  A  - R , R , R  (a racem ic  pair) are p o s s i b l e .  Each 
individual isomer p o s s e s s e s  more than one source of dissymmetry (d is ­
symmetry includes  asymmetry);  the h e l i c a l  ch ira l i ty  about the metal atom 
and the configuration at the asymmetric  carbon atom of the amino acid 
l i g a n d s . S tereoisom ers  of the same geometry which contain the same 
types  of  dissymmetr ic  groupings,  some but not a l l  of  which are related 
a s  o b je c t  and non-superim posable  mirror image are ca l led  diastereomers 
Thus A  - S , S , S and A  - R , R , R  are d iastereomers  of A  - R , R , R  b e c a u s e  
ne ither  is the mirror image of A  - R , R , R .  A similar  argument may be 
employed for e ach  individual isomer shown in Figure 6 . Each isomer is 
re la ted to one other isomer enant iom erica l ly  and is re la ted to the two 
remaining isomers d ia s t e r e o m e r ic a l ly .
As a p ra c t i ca l  approach to a system of th is  ty p e ,  a method that 
reduces  the to ta l  number of isomers is often employed.  By introducing 
only  S -a m a c  in the preparation of  the c o m p le x e s ,  provided it does not 
racem ize  or invert under the react ion  c o n d i t io n s ,  only two fa c ia l  isomers 
are g en erated ,  A  - S , S , S  and A - S , S , S .  This has the dis t inct advantage 
of e liminat ing enantiomer formation. An additional advantage is that 
dias tereom ers  have different sc a la r  p h y s ic a l  properties and are therefore 
se p ara te d ,  ident ified and studied by s c a la r  methods as  opposed to more 
d i f f icul t  and underdeveloped dissymmetr ic  tech niqu es  required for
enant iomers .
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S t e r e o s e le c t iv i t y  and s t e r e o s p e c i f i c i t y
An important c h a r a c t e r i s t i c  o f  diastereomers  a s  well  a s  geometric 
isomers is  that they need not be produced in equimolar amounts from a 
re ac t io n  a s  is required for enant iom ers .  A reac t io n  which leads  to the  
formation of a n o n - s t a t i s t i c a l  distr ibution of the p o s s ib le  s tereo iso m eric  
products is  c a l le d  a s t e r e o s e l e c t i v e  s y n t h e s i s .  The observed s t e r e o ­
s e l e c t i v i t y  is  e ither  thermodynamic or k in e t ic  in origin depending on 
whether  the products are observed at the thermodynamic equilibrium or 
co n s id e rab ly  before that o c c u r s . ^ 3 On the other hand a s t e r e o s p e c i f i c  
s y n th e s is  is  a react ion  in which a given isomer of the reactant  leads  to 
one product (or one se t  of  products)  while  another isomer of  the same 
reac tant  le ad s  to the opposite  product (or products) .  All s t e r e o s p e c i f i c  
re a c t io n s  are n e c e s s a r i l y  s t e r e o s e l e c t i v e ,  however the  converse  is not 
t ru e .  As a re su l t ,  re ac t io n s  carr ied out with re a c ta n ts  which do not 
exhib i t  s tereoisom erism  can  be s t e r e o s e le c t iv e  but not s t e r e o s p e c i f i c .  ^  
A s t e r e o s p e c i f i c  s y n th e s is  involving o p t ic a l ly  a c t iv e  reagents  has often 
b een  c a l le d  an asymmetric  s y n t h e s i s .  1 For e x am p le ,  an asymmetr ic 
sy n t h e s is  o ccu rs  in the formation of [Co(pn)3l ^ + in which R-pn produces 
predominantly (9 7%) the /S  ch i ra l i ty  and S-pn produces predominantly 
(9 7%) the A  chira l i ty  of the com plex .  ^
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Complexes  with two symmetric 
l igands and one unsymmetric ligand
T r i s - c h e l a t e  octahedral  complexes  contain ing mixed ligand su b ­
st itution produce a var iety  of s tereo iso m er ic  s i t u a t io n s .  Consider  a 
complex containing two symmetric a c a c  l igands and one unsymmetric gly 
l igand.  Only one geometr ic  form is p o ss ib le  a s  shown in Figure 7 .  The 
isomers are enant iomeric  and p o s s e s s  C 3 symmetry.  The c h ira l i t ie s  are
found with r e s p e c t  to the pseudo C 3 a x i s .  Complex ions of this  type are
Fig'. 7 . - - P o s s i b l e  isomers of  [ C o ( a c a c )2 (gly)]
9_3 6known for [Co(ox)2 (gly)]^ which is so luble  in water  while the inner
g •n
complex [ C o ( a c a c )2 (gly)]J ' is  soluble  not only in water  but a lso  in polar
non-aqueous  s o l v e n t s .
16
Complexes  with two symmetric 
l igands and one asymmetric  ligand
If two symmetric a c a c  l igands and an asymmetric  l igand such as  
race m ic  a la  are coordinated to a metal  ion,  four s tereoisom ers  are 
p o s s ib le  a s  shown in Figure 8 . The system c o n s i s t s  of  two s e t s  of
F ig .  8 . — P o s s ib le  isomers of [ C o ( a c a c )2 ( rac-amac)]
enantiomers that are d ias tereom eric  to one another and a l l  the isomers
have C j  symmetry.  If  an S -a m a c  i s  used to s y n th e s iz e  the complex the
products are A  - S  and _A _- S  d iastereomers  only .  Systems of th is  type
38 39
are known, for example :  A  and A  - [C o (o x )2 (S-amac)]^  ' and A  
and j V  - [C o ( e n )2 (S -a m a c ) ]^ + ^  ' ^ * which are water so luble  complex io n s .
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For [ C o ( a c a c )2 ( S - a m a c ) ] ^  se ve ra l  system s have been prepared in which 
the inner complexes  are so luble  in water and a ls o  polar non-aqueous 
s o l v e n t s .
Complexes  with one symmetric 
l igand and two asymmetric  l igands
T r is - ty p e  com plexes  contain ing one symmetric ligand and two 
asymmetr ic  l igands give  r i se  to a very in teresting  system of  s te r e o ­
isomers  . Figure 9 i l lu s tra te s  such a system for [C o(acac)  ( S - a m a c ) ? ] .
The com plexes  e x i s t  in three geometr ic  forms, t r a n s - N - C ?  , c i s -N - C ?  
and c i s - N - C . The geometry is descr ibed with re sp e c t  to the arrange­
ment of the  nitrogen donor atoms and the symmetry of the molecule  is 
in d ica te d .  The A  and A  forms for e a ch  geometry are diastereomers 
a s  no enantiomeric  re la t ionsh ip s  can  e x i s t  a s  long a s  the complex c o n ­
ta in s  only an S - a in a c .  Thus the s ix  s tereoisom ers  have different sc a la r
p h y s ic a l  properties  and need not form in equal amounts.  Systems of  th is
_ 3 8 , 42
type have been studied for [Co(ox) ( S - a l a ^ ]  and
_43
[Co (ox) ( S - s e r ^ J  which are water so luble  complex io ns .  Wingert
O I
e t  a l .  , have studied the neutral  system s [C o(acac)  ( S - v a l ^ ]  1 and 
[C o (ac ac )  ( N - M e - S - a l a ^ l
Methods of Obtaining Pure Stereoisomers  
Isolat io n of the s tereo iso m ers  of  metal  c o m p l e x e s ,  or of any 
m o le cu le ,  requires  that the s tereoisom ers  obtained are capab le  of a
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A - trans- N-C^
A - c is  - N -C
Fi g.  9 . - - P o s s i b l e  isomers
A '  trans-N-C?
j\_-cis-N-C|
[C o(acac)  (S -a m a c )2]
f in i te  e x i s t e n c e  under the condit ions used to e f fe c t  the separat ion .  This 
u sual ly  means so lution s ta b i l i ty  under normal co ndit io ns .  The method 
employed to obtain pure s tereoisom ers  of metal  com plexes  is determined 
by the type of isomers  to be separated and the e l e c t r i c a l  nature of the
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com plex .  Thus it is  convenient to d i s c u s s  ionic  com plexes  and neutral  
co m plex es  se p a ra te ly .
Ionic  complexes
Geometric  isomers and diastereomers  of ionic  t r i s - c h e l a t e  com­
ple xe s  have been separated by fract ional  c ry s ta l l iz a t io n  from water with 
careful s e le c t io n  of the proper counter ion.  This technique frequently 
leads  to pure samples  of the l e s s  soluble  i s o m e rs ,  however the very 
soluble  isomers are often dif f icult  to i so la te  and purify.
A more wid ely  ut i l ized  technique for separating ionic isomers 
involves ion exchan ge  chromatography. Many s te re o ch e m ica l ly  com pl i ­
ca ted  s y s t e m s ,  both c a t io n ic  and anionic  have been separated by ion 
exchange  re s in s  o nce  the proper eluent sa l t  concentrat io n is  d iscov ere d .  
The s tereoisom ers  obta ined in th is  manner are contaminated by unwanted 
simple s a l t s  from the chromatographic e luent u n le ss  additional s tep s  are 
undertaken to remove the impurit ies .
The separation of  a racem ate  into its  enant iom ers ,  a reso lut ion ,  
requires  the use of a dissymmetric resolv ing a g e n t .  For ionic  com­
p lexes  the resolu t ion is very frequently acco m p lished  by the use  of a 
dissymmetr ic  counter  ion complex .  For e xam p le ,  if an ionic  t r i s - c h e l a t e  
r a c e m a t e , A  and A  , is mixed with a half  molar amount of the A 1 
isomer of another  ionic  complex with equal and opposite  ch arg e ,  two 
s a l t s  are p o s s i b l e ,  A  A 1 and A  A 1 . T h e se  s a l t s  are'
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diastereom eric  and need not p o s s e s s  the same sc a la r  phy s ica l  properties .  
In most c a s e s  the TV A 1 diastereomer is l e s s  soluble  than the other 
d iastereomer and can be removed by f ract ional  c ry s ta l l iz a t io n .  If the 
resolv ing agent can then be e f fe c t iv e ly  removed a s u c c e s s f u l  resolution 
for both isomers has been  ac c o m p l ish e d .  This te ch n iq u e ,  however,  
requires the prior preparation of a s e r ie s  of  ionic  resolv ing agents  in 
order to re so lv e  both c a t io n ic  and an io n ic  co m p le x e s .  44
Neutral complexes
S in ce  neutral  t r i s - c h e l a t e  com plexes  exhib i t  one of two so lubil ity  
c h a r a c t e r i s t i c s  (vida supra) their separation will  be d is c u s s e d  se p ara te ly .  
For inner complexes  that are only s l ig ht ly  so luble  in water and insoluble  
in non-aqueous  s o lv e n t s ,  such a s  tr is  amino ac id  co m p le x e s ,  the 
separation of d iastereomers  and geometr ic isomers has  been accomplished 
by f rac t ion al  c ry s ta l l iz a t io n  from w a t e r . 4 "’ Resolut ion of this  type of 
complex is dif f icult  and has  only been moderately s u c c e s s f u l  with the 
use  of dissymmetr ic  chromatographic su bstra tes  su ch a s  q u a r t z , 4 '’ ' 4o 
and potato s t a r c h . 4 "’ ' 4 ^
Neutral t r i s - c h e l a t e  complexes  such as  t r i s - (  /Q  -d iketonates)  
that are only soluble  in non-polar  media have been separated into 
d iastereomers  and geometr ic  isomers by the u se  of alumina and s i l i c a  
adsorpt ion chromatography . 48 Some v o la t i le  t r i s - (  J3  -d iketonates)  
have been  separated by gas chromatography . 48 Resolution of this type
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o f  non-polar  enantiomer has been moderately s u c c e s s f u l  using chroma­
tographic columns with sugar s u b s t r a t e s . ^  How ever ,  the complete 
resolu t ion of uncharged m olecules  continues  to be an underdeveloped 
area of chem istry .
Determination of the Chirality  
of T r i s - C h e l a t e  Complexes
Once  a t r i s - c h e l a t e  complex is obtained in pure isomeric  form its 
structure may be determined by severa l  t e c h n iq u e s .  For any descript ion 
of the geometry ,  configuration or ch e la te  ring conformations of  a complex 
to be meaningful,  however,  the structure of the isomer under c o n s id e ra ­
tion must remain unchanged for a f in ite  period of t im e .  In other words 
an energy barrier must e x i s t  preventing conversion of  that s ingle  s t e r e o -  
isom eric  form under study, to any other s te re o iso m e r ic  form or forms for 
the duration of the experiments  required to make the structure determina­
t io n .  The geometry and h e l i c a l  arrangements of many t r i s - c h e l a t e  com­
plexes  do not change under condit ions required for structure determination.  
However ,  ch e la te  ring conformations may change very  rapidly in solution 
depending upon temperature .  6
Absolute configuration by 
X -ray  diffract ion methods
Absolute configuration is  defined a s  the e x a c t  three dimensional 
structure of a molecule  which requires  that the pos i t ion  in space  of 
every  atom in the molecule  be known re la t ive  to a l l  the  other a t o m s .
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For metal  com plexes  the only technique that has  been  s u c c e s s f u l  in 
determining a b so lu te  conf iguration is  single  c ry s ta l  X-ray  di f fract ion.  
Normal X -ray  dif fract ion methods give  r ise  to bond lengths and bond 
a n g le s  of a m o le c u le ,  however,  in general  isomerism other than 
geometr ic  arrangement cannot be dist inguished by th is  m e t h o d . ^
If  a f te r  a preliminary structure a n a ly s i s  has  been done ,  a second 
irradiation is  performed at a wavelength s l ig ht ly  shorter than the 
absorption edge of the metal  atom, the result ing  sca t ter ing  can  be used 
to dis t inguish  between enant iom ers .  This method out lined by B ijv o e t^ l 
i s  not d if f icult  once  the in it ia l  structure has  been determined.  Pepinsky 
and O k a y a ^  have d escr ibed  a method ap pl icab le  to enantiomers without 
requiring a second irradiat ion,  however,  th is  technique  is l e s s  sound.
If a dissymmetr ic  ce n ter  of known configuration is incorporated into a 
m o le cu le ,  a s  is  often the c a s e  in d ias tereom eric  com plexes  containing 
an amino a c i d ,  the abso lu te  configuration of that molecule  can be found 
by normal X-ray  a n a l y s i s .  This c ry s ta l  engineering method has  been 
applied to a large number of  metal  co m p le x e s .  ^  In any c a s e ,  however ,  
an X -ra y  structure determination is a major experimental  endeavor in 
terms o f  time and the co s t  of equipment.
Configuration re la t io nsh ip s  by 
the o p t ic a l  CD method
T r i s - c h e l a t e  complexes  e x i s t  in the chiral  forms,  A  and A ,  
which are c a l l e d  the h e l i c a l  configuration or ch i ra l i ty  of the complex .
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G enera l ly  it is  only desired to know which ch ira l i ty  is  present for a 
part icular  isomer and th is  may be determined empir ically  by several  
s p e c t ro s c o p ic  t e c h n iq u e s .  Circular  dichroism sp ectro sco p y  (CD), 
which measures the e f fe c t  of  l igand dissymmetry on the e lec tro n ic  
t ra n s i t io n s  of the metal  d e l e c t r o n s ,  has been found to be s y s te m a t i ­
c a l l y  re la ted  to the ch ira l i ty  of metal co m p lex es .  In order to d i s c u s s  
C D ,  a br ief  background concerning the o p t ica l  properties of  molecules  
i s  in o rd e r . ^  • 53
M ole cu lar  asymmetry or dissymmetry has  long been denoted a s  
o p t ic a l  a c t iv i t y .  The term "Cotton E f f e c t " ^  refers  to the unequal 
absorption of le f t  or right c ircu lar ly  polarized l ight by an "o pt ica l ly  
a c t i v e "  chromophore. Monochromatic  plane polar ized l ight undergoes a 
rotation upon pass in g  through an o p t ic a l ly  a c t iv e  media and th is  
phenomenon is c a l le d  o p t ica l  rotary d ispers io n (ORD). When the rotation 
is  observed at a single  wavelength the rota t ion ,  06  (positive or n e g a ­
t i v e ) ,  is  reported in terms of s p e c i f i c  rotation ,  [ 0 6 ] , or molecular
rotat ion ,  [M] ^  , for a s p e c i f i c  wavelength of v is ib le  l ight .
S p e c i f i c  and molecular  rotations are convenient  l a b e ls  for opt ica l ly  
a c t iv e  m o le c u le s ,  but they  are completely  unrelated to molecular 
s tructure .  However,  the unequal absorption of left  and right c ircularly  
polarized l ight or CD of an o p t ic a l ly  ac t iv e  media has  been shown to 
provide s te re o ch e m ica l  information. CD spectra  are recorded over a
range of wavelengths  and plotted in terms of  molar e l l i p t i c i t y ,  which is
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re la ted  to the dif ference  in ext inct ion  c o e f f i c i e n t s  o f  the media for right 
and left  c i rcu lar ly  polarized l ight ,  ^  ^
For trans i t ion  metal  com plexes  the CD absorption in the long w a v e ­
length v i s ib le  region of the metal  d-d e le c t ro n ic  t ransit io n is  of in te re s t .  
For spin paired d^ cobalt (II I)  com plexes  of octahedra l  symmetry,  O^/ the
long wavelength v i s i b l e  band has  been a s s ig n e d  to the ----- ^ l g
trans i t ion  of the metal  d e le c t r o n s .  This t ransit io n is  not opt ica l ly  a c t i v e ,  
however,  b e c a u s e  it is  e l e c t r i c  dipole forbidden even though magnetic 
dipole a l low ed.  In order to produce an o p t ic a l ly  a c t iv e  CD band the 
e le c t ro n ic  trans i t ion  must be both e l e c t r i c  dipole a llowed (EDA) and 
magnetic dipole allowed (MDA).
symmetry inc ludes  an inversion c e n ter  and improper a x e s  of 
rotation and thus would not be expected  to show o p t ic a l  a c t iv i ty .  By 
descending  in symmetry it i s  p o s s ib le  to de scr ibe  com plexes  that have 
been  studied by CD in terms of their  o p t ic a l ly  a c t iv e  e le c t ro n ic  t r a n s i ­
t ion s  .
O »
In the c a s e  o f  D 3 symmetry for a complex ion such a s  [Co(en)3]0 
the degeneracy  of the e x c i te d  energy le v e l  is  removed giving r ise
to -*-A2 and ^E com ponents .  The tran s i t io ns  for th e s e  component le v e ls  
are EDA and MDA and thus both produce o p t ic a l ly  a c t iv e  CD band s .  It 
has  been found that_ /V  - ( - ^ - [ C o t e n ^ ] 1"5 , a s  ident ified by X-ray
structure determinat ion,  exh ib i ts  posit ive  ^E < ---- ^A^ and negative
^ 2 ^  1A1 CD t r a n s i t io n s .  The latter is very w eak  causing  the former
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t ransit io n to dominate the CD s p e c t r a .  ^4 For com plexes  of C 3 symmetry 
such a s  f a c - [C o (S -p n )o ]3 +  the s ituat ion is very similar with the A  
isomer showing a dominant pos i t ive  < -----^A-̂  t ra n s i t io n .  ^  O b se rv a ­
tion of the CD spectrum of  complexes  l ike the above whose structure and 
chira l i ty  are known by X -ra y  methods has led to a genera l  ru le .  If the 
major component of the long wavelength CD band is pos i t ive  the chira li ty  
of  the complex is A  . 1 4 '  ^3 converse  of th is  rule appl ies  as  w e l l .
Comple xes  that p o s s e s s  C 2 symmetry may a l s o  exhib i t  opt ica l  
a c t iv i t y ,  however,  the components  of their  CD spectrum are l e s s  wel l  
understood. C2 symmetry c a u s e s  the parent ^T^g e x c i t e d  energy le ve l  
to spli t  into three  bands a l l  of which are o p t ic a l ly  a c t i v e .  The bands are
< —  "'’A, ■'"B < -----^A and ------ ^A but th e s e  are seldom resolvable
S 6 5 6
excep t  for [Co(mal)2 (en)] “ , [Co(EDTA)]~ and [C o (S -g lu ) 3] .  ̂  ̂ In 
th e s e  c a s e s  the isomers exhib i t  pos i t ive  CD bands for the B symmetry 
le v e ls  which dominate the negative  CD band of the A symmetry l e v e l .
Thus the sign of the dominant CD band is considered in making chiral  
a ss ig n m en ts  for com plexes  of  C2 symmetry in which the three bands are 
u n r e s o lv e d . ^
The l e a s t  understood si tuat ion is com plexes  with C 1 symmetry in 
which the three o p t ic a l ly  ac t iv e  e le c t ro n ic  t ra n s i t io n s  no longer have 
their  s ig n s  determined by symmetry.  In prac t ice  co m plex es  with C-  ̂
symmetry exhib i t  two CD bands of  opposi te  s ig n .  Chiral  ass ig nm ents  in 
th is  c a s e  are made by observing the sign of  the most in tense  CD band.
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Complexes  that have the j V  configuration,  a s  shown by X - r a y ,  a l so  
have in tense  posit ive  CD ban d s .  Therefore an o p t ic a l ly  a c t iv e  complex 
with C j  symmetry exhib i ting an in tense  pos i t ive  CD band is ass ig n e d  a 
T V h e l i x  by th is  a r g u m e n t .14 ,  ^
The sign of the CD absorption band of  the d-d  transit ion has  been 
used to a s s i g n  the conf igurational re la t ionships  of many transit io n metal 
c o m p le x e s ,  however,  there  are some limitations to its  appl ica t io n .  For 
com plexes  of C2 or C 3 symmetry the CD component bands are seldom 
re so lv ab le  and thus use  of  the "dominant band" method could be m is ­
leading if conf igurational and v ic in a l  e f fe c t s  c a u s e  equ iv a len ce  or even 
a reversa l  of  band i n t e n s i t i e s . ^  In the c a s e  of C^ symmetry CD a s s i g n ­
ments are considered inappropriate by many authors b e c a u s e  the 
e le c t ro n ic  tran s i t io ns  are not symmetry determined. For ionic complexes  
the in te n s i t ie s  of the CD bands are a f fec te d  by ionic  strength var ia t io ns  
of  the solut ion being measured and the p re sen ce  of various counter ions 
o f  different t y p e s .  It must then be concluded that the character  of the 
media surrounding an o p t ic a l ly  ac t iv e  chromophore a f f e c t s  the behavior of 
CD t r a n s i t i o n s . ^  Neutral  com plexes  should be w e l l  behaved in this  
co nnect ion  due to the la ck  of  ions present in so lut io n ,  assuming that the 
so lvent interaction with neutral  com plexes  is minimal.
H e l i c a l  conf iguration 
by the exc i ton  method
Another o p t ic a l  method for determining the ch i ra l i ty  of certa in  
metal  com plexes  involves  the ultraviolet  e x c i to n  CD band technique as
1 Q
outlined by B o s n i c h . For complexes  containing at l e a s t  two o -p h e n ,  
dipy or a c a c  l ig an d s ,  the coupled long a x i s  polarized j f — >  j f  * 
e le c t ro n ic  t ran s i t io n s  of the l igands are o p t ic a l ly  a c t i v e .  The transit io ns  
are an order of magnitude more intense  than metal  d-d tran s i t io ns  and can 
be rela ted to molecular  configuration in a non-em pir ica l  manner.  For a 
A  h e l ix  the  A2 trans i t ion  is left  handed, therefore  producing a negative 
CD band at  higher energy than the corresponding posi t ive  doubly degener­
a te  E t ra n s i t io n .  Thus by observing the very in tense  t ransit io n in the 
3 0 , 0 0 0  to 4 0 , 0 0 0  cm  ̂ sp e c t ra l  rang e ,  the ch ira l i ty  of a b i s -  or t r i s -  
ch e la te  complex (with tT d e lo c a l iz e d  bidentate  l igands)  can be deter­
mined without re fe re n ce  to  a model complex of known configuration.  
Several  iron,  ruthenium, s i l i c o n  and chromium com plexes  have been 
a s s ig n e d  by th is  technique . ^
Chirali ty  by proton magnetic 
reson an ce  methods
Methods to predict  the ch i ra l i ty  of A  and _A_ d ia s t e r e o m e r s , but 
not ap p l icab le  to enant iom ers ,  involve the use  of proton magnetic 
re so n an ce  sp e c t ro sco p y  (pmr). S ince  d iastereomers  have different 
sc a la r  p h y s ic a l  propert ies ,  the dif ference  in the magnetic environment
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of  d ia s tereom ers  can in pr inciple  be measured by a pmr experiment when 
protons are  present in the m o le c u le .  If th is  d i f ference  in proton chem ica l  
shif t  betw een the d iastereomers  can then be s y s te m a t i c a l ly  related to 
some structural  feature present in com plexes  of  known ch ira l i ty ,  a model 
can  be developed.
C -N  bond anisotropy
Q Q
Legg et  a l .  , have reported that the magnetic anisotropic  e f fe c t  
of  the C -N  bond in cer ta in  cobalt (II I)  complexes  of EDDA can be related 
to s tructure .  Their model w as  b ase d  on the idea that certa in  protons of  
the EDDA ligand would exp e r ien ce  a sh ie ld ing or deshie ld ing e f fec t  
depending upon their  arrangement with re s p e c t  to the C -N  bonds in the 
s y s te m .  The mode of coordination of  the l igand to a metal ion was  then 
deduced from the ch e m ica l  sh i f t s  o f  th e s e  protons .
N -D  bond s te r ic  compress ion
o n
Dabrowiak and Cooke a s s ig n e d  the ch i ra l i ty  of the diastereomers  
of  [Co(S -am ac)  (en)2l ++  com plexes  using a s ter ic  compress ion argument 
concerning the relative ch e m ica l  shif ts  of  the S -am ino  ac id  methine 
hydrogen. Their model s t a t e s  that an amino ac id  methine proton in l ine 
with and s t e r i c a l l y  crowded by an N-D group of en r e s o n a t e s  at lower 
f ie ld  than a similar proton above or between the N - D ' s  of coordinated en .  
The ass ig n m en ts  made by th is  model are co n s is t e n t  with CD resu l ts  for
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the sy s tem s  studied. This reasoning is ap p l icab le  only to en complexes  
and does not consider  complexes  with l igands having oxygen donor a tom s.
C -O  bond anisotropic  deshie ld ing
o o  a  o
Berends and Brushmiller ' have studied a s e r ie s  of amino a c i d -  
cobalt ( II I )  com plexes  by pmr sp e c tro sco p y  and proposed the C-O bond 
magnetic anisotropic  deshie ld ing model to  predict  c h i ra l i ty .  For the 
sy s te m s  [ C o ( N - m e - S - a l a )2 (ox)] _ , [C o (S -a la ) (o x )2]~  and [ C o ( S - a l a )2 (ox)] ~ , 
c h e m ica l  shif ts  of the protons of the S-am ino acid  l igand were 
s y s te m a t ic a l ly  rela ted to the ch ira l i ty  of the d ia s t e r e o m e r s . The mag­
n e t ic  an isotropic  deshie ld in g model s t a te s  that a proton in l ine with the 
C -O  bond of an a d ja c e n t  coordinated l igand would be deshie lded re la tive  
to a similar proton above the bond.
Stadtherr and Brushmiller®® applied C -O  bond magnetic anisotropic  
deshie ld ing  in a ss ig n in g  the ch ira l  diastereomers  of [Co(ox)2 (R-pn)] ~ 
from pmr chem ica l  s h i f t s .  The ligand R-pn e xh ib i ts  a complicated ABCX3 
pmr splitt ing pattern which was so lved and bond anisotropy was then 
appl ied to the ch e m ica l  shif ts  of  each  of  the protons .  Only th ose  protons 
whose  posi tion changed re la t ive  to the C -O  bond of an ad jacen t  ox ligand 
betw een the two chira l  diastereomers  were found to undergo chemical 
s h i f t s .  Thus bond magnetic anisotropy was shown to be useful and pre­
d ic ta b le  for ch iral  d iastereomers  and not an unexpla inable  anisotropy
surrounding the entire m o l e c u l e .
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R 1Larson et  a l .  , 1 has a l s o  used the magnetic anisotropic  d e s h ie ld ­
ing argument in ass ig n ing  the s tereoch em is try  of the diastereomers of 
[Co(ox )2 (N , N '-dimeen)]~  using the N-methyl group chem ica l  s h i f t s .
9
Juhala°  has shown that the C -O  bond deshie ld ing model can be 
extended to predict  the geometry of metal  complexes  in res tr ic ted  c i r ­
c u m s t a n c e s .  The model was or iginal ly  intended to a s s ig n  the ch ira l i ty  
of dias tereom ers  only .  I f ,  however,  the to ta l  anisotropy surrounding 
geometr ic isomers is  very similar a s  is  the c a s e  for ch iral  d ias tere o m e rs ,  
then the model can be appl ied .  On th is  b a s i s  Juhala w as  s u c c e s s f u l  in 
a s s ig n in g  the geometry of  a s e r ie s  of Co(III)-NTA com plexes  containing 
tfa and ibn.
04 c q
Recent ly  Everett and Johnson have measured the Co nuclear  
magnetic resonance  c h e m ica l  sh i f ts  of  a s e r ie s  o f  ch ira l  t r i s - c h e l a t e  
cobalt ( II I )  c o m p le x e s .  An attempt was made to re la te  c ry s ta l  f ield 
orbi tal  split t ing energies  to the temperature independent paramagnetism 
of the Co(III) ion.  Quali ta t iv e  explan at io ns  of  ^ C o  chemical  shif ts  were 
found, however,  geometr ic  and d iastereom eric  arrangements were not 
predic table  by th is  te ch niqu e .
Statement of  the Problem
A s e r i e s  of  mixed ligand t r i s - c h e l a t e  cobalt ( II I )  complexes  w il l  be 
prepared and separated into their s tere o iso m e r ic  forms.  The isomers w il l  
then be used to t e s t  the proton magnetic resonan ce  bond anisotropic
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deshie ld in g  model for a s s ig n in g  ch iral  c o m p le x e s .  Circular  dichroism 
will  be used a s  a comparat ive method for the chiral  a s s ig n m e n ts .  The 
sy s te m s  cho sen  are [ C o f e c a c ^  (S-amac)]  and [C o(acac)  ( S - a m a c ^ l  for 
se ve ra l  r e a s o n s .  These  com plexes  are n o n -e le c t r o ly te s  (neutral com­
p le xe s )  and thus potent ia l ly  offer p h y s ica l  properties which wil l  fa c i l i ta te  
separat ing and studying the i som ers .
The proton magnetic re so n an ce  method has  been applied to com­
p le x e s  with l igands containing carboxylate  groups (amino a c id s  and 
d i - fu n c t io n a l  carb o xy l ic  a c i d s ) ,  however ,  the sy s tem s  s e le c te d  in th is  
study incorporate the l igand a c a c  which conta ins  enolate  C - 0  bonds.
Thus if the magnetic deshie ld ing model is  co r re c t ,  the a c a c  ligand 
should demonstrate the v e r s a t i l i t y  of the model.  Also a c a c  contains 
protons which may be observed in terms of the to ta l  magnetic environ­
ment of the ch iral  d ias tereom eric  co m p le x e s .  This probe o f  portions of 
the d iastereomers  far removed from predic table  an iso tro p ie s  is a c r i t i c a l  
t e s t  o f  the m odel .
EXPERIMENTAL
Reagents
All ch e m ic a ls  used were a n a ly t ic a l  reagent grade u n le ss  otherwise  
s p e c i f i e d .  So lv ents  used for chromatography were t e c h n ic a l  grade and 
not purified prior to their  u s e .
Preparation of Ligands
The l igands were obtained commercial ly  ex ce p t  N - m e - S - a l a  which 
was  generously  donated by V . Kubik and N - m e - S - v a l  which was prepared 
by the method o f  Quitt et_ al_. ^3
Preparation and Separation of Complexes
Preparation of sodium d in l trobis -  
( 2 , 4 -pentanedionat.o)cobaltate  (III)
Sodium dinitrobis(2  ,4 -p en tan e d io n ato)co ba l ta te ( I I I )  was prepared 
by the method of  Boucher and Bailor®^ with s l ight m odif ica t ions .  A s o lu ­
tion containing 35 ml ( .32  moles) of  t e c h n ic a l  grade 2 ,4 -p entane d io ne  
(ace ty lace to ne)  and 12 .8 g ( .32  moles) of  NaOH in 200 ml of d is t i l led  
water  was added to a solution containing 60 g ( . 1 4 8  moles) of  sodium 
hexani trocobal ta te( I I I )  in 200 ml of d is t i l le d  w ater .  The result ing mixture 
was stirred m e ch an ica l ly  for f ive m inutes ,  then suction f i l tered through
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f i l ter  paper to remove the pink b i s ( 2 , 4-pentanedionato)cobal t ( I I )  complex .  
The result ing brownish-red solution was allowed to stand overnight at  
5 °  C whereupon a red solid formed. The red solid was c o l le c te d  by 
su ct io n  fi l t ration on sintered g l a s s  and washed with 50 ml of 95% 
e th a n o l ,  100 ml of a ce to n e  to remove the green tr is  ( 2 ,4 -p e n ta n e d io n a to ) -  
cobalt ( II I )  complex and air  dried.. The crude product was d isso lv ed  in a 
minimum amount of d is t i l le d  water and rapidly suction fi l tered onto an 
e x c e s s  of so lid  NaNC>2 , 40 g .  The result ing solution was kept at 0 °  C 
for f i f teen  minutes then suct io n f i l te re d ,  washed with 9 5% ethanol,  
a c e t o n e ,  ether and air  dr ied.  The yield  was  3 6 . 4  g ,  65%. The product 
e x h ib i t s  the following v i s ib le  absorption spectra  data:  ^  max'  ° k s - /
537 nm , 332 nm; l i t . ,  532 nm, 328 n m . ^
Preparation of S - a m in o a c id a t o b i s -  
( 2 ,4 -p entanedio nato)co bal t ( I I I )
The preparation of  the a m in o a c id a to b is (2 ,4 -p e n ta n e d io n a to ) -  
cobalt ( II I )  com plexes  w a s  the same for a l l  amino a c id s  studied: s a r c ,  
S - a l a ,  S - v a l ,  N - m e - S - a l a ,  N - m e - S - v a l ,  S-pro and S - s e r .  A procedure 
similar  to the one reported by L a u r i e ^  was  uti l ized e xce p t  a new 
technique  was used to i s o la t e  the products.  In a ty p ica l  r e a c t io n ,  1 0 . 0  g 
( . 0 3 3  moles) of  sodium dinitrobis ( 2 , 4 -pentanedionato) cobal t  (III) were 
d isso lv e d  in 240 ml of  d is t i l le d  water  and 80 ml o f  methanol which had 
b een  heated  to 5 0 °  C .  Then a so lution containing .0 3  moles of the amino 
ac id  and 1 . 6  g ( . 0 1 5  moles) of  Na2 CC>3 in 100 ml of  d is t i l led  water was
34
prepared and the so lut io ns  were combined. The result ing  so lution was 
heated to 50°  C , 4 g of ac t iva ted  charcoal  (Norit A) added and the 
heterogenous mixture heated at 5 0 °  C for 15 minutes with m echanica l  
st ir r ing.  The reac t io n  mixture was rapidly cooled  in an ice  bath then 
immediately suct ion f i l tered through sintered g la s s  to remove the char­
c o a l .  The deep blue f i l t rate  w as  rotary evaporated with reduced pressure 
to a th ick  pasty  mass  to remove a s  much solvent a s  p o s s i b l e .  During 
the  evaporation the reac t io n  mixture was warmed to no more than 4 0 °  
with a water  bath.  At 'this  point 100 ml of abso lu te  ethanol v/as added 
to the f la sk  followed by 200 ml of dry a ce to n e  to d is s o lv e  the product 
en t i re ly .  Then 30 g of chromatographic grade alumina were added to the 
so lut ion.  The mixture w as  again  rotary evaporated with reduced pressure 
to  a dry f ine ly  divided so l id  resembling the original  alumina in part ic le  
s i z e .  In th is  p ro c e s s  the mixture was heated to no more than 4 0 °  
using a water bath .  This procedure prepares the crude react io n mixture 
for loading onto an alumina chromatographic column.
Chromatographic separation of
the d iastereomers  of  am in o a c id a to b is -
( 2 ,4 -p entanedio nato)co bal t ( I I I )
In e a c h  c a s e  the d iastereomers  of a m i n o a c i d a t o b i s ( 2 , 4 - p e n t a n e -  
d io n a to )c o b a l t ( I I I ) , where the amino ac id  is  s a r c ,  S - a l a ,  S - v a l ,  
N - m e - S - a l a ,  N - m e - S - v a l ,  S-pro or S - s e r ,  were separated direct ly  from
the crude react ion  mixture descr ibed in the previous s e c t io n .  A pyrex
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chromatographic column; 35 cm in le ngth ,  2 cm insid e  diameter ,  f itted 
with a sintered g la s s  f i l ter at  the bottom and a ground g l a s s  joint at the 
top was packed with a chloroform slurry of Brockman Activity I alumina 
(80 to 2 00 mesh part ic le  s i z e ) .  In e ach  system separated the pH of the 
alumina (pH -  4 . 2  to  8 . 0 )  was not a c r i t i c a l  fac to r .  The column was 
tapped gently  with a padded g la s s  rod while adding the slurry.  After the 
alumina was packed to a height of approximately 20 cm, 100 ml of 
chloroform was eluted through the column. At this point ,  one-third of 
the dry pre-adsorbed reac t io n  mixture was p laced on the top of the 
alumina column followed by 3 cm of banding sand.  The desired products 
in e a ch  of  the reac t io ns  were then obtained from the chromatographic 
column by elution with the so lvents  in the order shown in Table 1.
The green complex t r i s ( 2 , 4 -pentanedionato)cobal t ( I I I )  e lutes  f i rst  
from the column and is completely  removed from the desired product.  By 
s te a d i ly  increas ing  the polarity of the elut ing so lvent  according to the 
scheme in Table  1,  the desired blue complex S -a m in o a c id a t o b i s -  
(2 ,4 -p entanedionato)cobal t ( I I I )  begins to move down the column. At 
th is  point the solvent composit ion is maintained the same (or only varied 
slightly) until  a good separat ion of the blue band is observed from the red 
material  remaining at the top of  the column. The product was  then eluted 
from the column,  c o l l e c t e d  in f rac t ion s  and the solvent evaporated with a 
stream of dried a i r .  Pmr was then used to determine pure fract ions of
individual diastereomers which could be combined.












Ethy lace ta te pure
Ethylaceta te : : Ethanol (9 5%) 100:1
Ethylacetate : : Ethanol 50:1
Ethylacetate : : Ethanol 25 :1
E t h y la c e t a t e : Ethanol 10:1
Ethylacetate : : Ethanol 5:1
Ethylacetate : : Ethanol 4:1
Ethylacetate : Ethanol 2:1
Ethylacetate : Ethanol 1:1
Ethanol (9 5%) pure
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Preparation o f  2 , 4 -p e n t a n e d io n a t o -  
b is  (S -a lan inato )co bal t ( I I l )
The complex 2 ,4 -p en ta n e d io n a to b is (S -a la n in a to )c o b a l t ( I I I )  was 
prepared from t r i s ( 2 , 4 -p e n ta n e d io n a to )co b a l t ( I I I ) ; [ C o ( a c a c ) 3] , by a 
modificat ion of the ligand exchange  react io n descr ibed by Fugii and
tr
E j i r i . 0 The desired product was obtained by f ir s t  d isso lv ing 1 0 .8  g 
( 0 .0 3  moles) or [ C o ( a c a c ) 3] in 350 ml of hot methanol.  Then a solution 
containing 5 . 3 4  g ( 0 .0  6 moles) of S - a l a  and 3 . 6 0  g ( 0 . 0 6  moles) of  KOH 
in 150 ml of d is t i l le d  water  was added to the green methanol so lut ion.  
The result ing so lution was heated  to 60°  C and 3 g of a c t iv a te d  charcoal  
(Norit A) was added. The heterogeneous mixture was then stirred 
m e ch a n ica l ly  and kept at 60°  C for 15 m inutes .  At th is  time the 
re ac t io n  mixture was rapidly cooled to room temperature in an ice  bath 
and then suct io n fi l tered through sintered g l a s s  to remove the ch a rc o a l .  
The highly colored f i l t ra te  was rotary evaporated with reduced pressure 
to a th ick  pasty  m a s s .  A water  bath was used to v/arm the evaporation 
f la s k  to no more than 4 0 °  C during the evaporation of  the so lvent .  In an 
effort to remove as  much water as  p o ss ib le  from the products,  100 ml of 
a b so lu te  ethanol and 2 00 ml of dry a ce to ne  were added to completely 
d is s o lv e  the reac t io n  mixture.  Then 30 g of chromatographic grade 
alumina were added to the solut ion of the products.  The mixture was 
aga in  rotary evaporated with reduced pressure to a f ine ly  divided solid  
resembling the original  alumina in part ic le  s i z e .  In this  p ro ce ss  the
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mixture w as  heated to no more than 4 0 °  C using a water  bath .  This 
procedure prepares the crude react ion  mixture for loading onto an 
alumina chromatographic column.
Chromatographic separation of 
the s tereo iso m ers  of 2 , 4 - p e n t a n e -
dionatobis  (S-a  laninato) co b a l t  (III)
The s tereoisom ers  of the complex 2 , 4 -p e n t a n e d io n a t o b is ( S - a la n i -  
nato)cobalt ( I II )  were obtained direct ly  from the crude react io n product 
descr ibed  in the previous s e c t io n .  An alumina chromatographic column 
w as  packed and loaded with the dried sample a s  was deta iled on page 34 
of  the experimental  s e c t i o n .  Elution of the com plexes  was carried out 
by using the so lvent scheme shown in Table 1. Following the removal 
of  the green [ C o ( a c a c ) 3] and blue [ C o ( a c a c )2 (S-a la ) ]  com plexes  from the  
column, continued in c re a se  in the polarity of the eluant so lvent gives  
r i se  to a s e r ie s  of bands on the column. The s ix  bands observed at th is  
point in the procedure were:  (in order from bottom to top) large red band,  
small  blue band, large red band,  small  blue band,  large pink band and a 
small  pink band. When a l l  s ix  bands could be seen  at one t im e ,  the 
column w as  equipped with a 12 50 ml reservoir  of  the particular  eluant 
solvent combination which a f fec ted  this separat ion .  An automatic 
fract ion c o l l e c t o r  was then employed and elution of the column was 
carr ied out using th is  so lvent  for 24 hours .  After repeated attempts using 
th is  procedure,  pure samples  of  the s ix  s tereoisom ers  of  th is  system
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were obtained and la ter  ident ified by pmr sp e c t ro sc o p y .  The isomers 
were labe led  A, B, C ,  D, E and F in the order of e lu t io n ,  Table  4 .
Sy n th e s is  of t r i s ( 2 , 4 - p e n t a n e -  
dionato)rhodium(III)
The complex t r i s ( 2 , 4-pentanedionato)rhodium(III)  was prepared 
by a one s t e p ,  high yield  reac t io n  from rhodium trichloride hydrate,  
RhCl3 ‘ 3H2 0 . In a 100 ml round bottom f la sk  equipped with a water 
cooled co n d e n se r ,  1 . 0 0  g ( 3 . 8  mmoles) of RhCl^ 'SH ^O  (Alfa Inorganics)  
was  suspended in 3 5 . 0  ml (38 mmoles) of  t e c h n i c a l  grade 2 , 4 - p e n t a n e -  
d i o n e ( a c a c ) . The mixture was heated to 100°  C and . 65 g ( 1 1 . 6  mmoles) 
of  KOH w as  added. The react ion  mixture was  refluxed at 100°  C for 
approximately  2 0 hours;  then the e x c e s s  l igand was  removed by rotary 
evaporation under reduced p re ssu re .  The th ick  brown materia l  which 
remained w as  d isso lv ed  in 50 ml o f  benzene and 5 g of neutral Brockman 
Activity  I alumina (80 to 2 00 mesh) was added. The mixture was rotary 
evaporated to dryness  under reduced pressure .  Column chromatography 
of the sample on the same alumina and elut ing with benzene removes 
the desired product (first band off  the column) from the other react ion  
products .  The y el low -orange  complex [R h(acac)3] was  c ry s ta l l iz ed  from 
hexane  and chloroform, 1 :4 .  The yie ld was  1 . 4 6  g ,  88%. The 
c ry s ta l l in e  product g ives  the following p h y s ic a l  data:  pmr chemical  
sh i f t s  in C D C I3 ; o b s . ,  methyl s ing le t  (6) 2 . 1 0  /  , methine s ing le t  ( l)
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5 . 3  7 $ , l i t . , 2 . 10 $ and 5 . 3 0  ; mp obs  . , 2 59 to 2 5 9 . 5 °  C ,
l i t .  , 2 60°  C .  65
P h y s ica l  Measurements  
Ele ctron ic  absorption spectra
V is ib le  spectra  were obtained using a Cary Model 14 sp e c t ro ­
photometer by sweeping from 700 nm to 300 nm . M easurements  were made 
in 1 cm quartz c e l l s  using d is t i l le d  water as  a re fe re n c e .  All measure­
ments were made at room temperature (ca_ 2 0 °  C) with no effort made to 
thermostat the sam p le .
Rotations
A Rudolph Model 80 high p re c is io n  polarimeter was used to 
measure o p t ic a l  ro ta t io n s .  All measurements were obta ined in a 1 dm 
polarimeter tube using the sodium D line (589 nm ). Samples were 
measured in d is t i l led  water .
Proton magnetic resonance
The proton magnetic resonan ce  (pmr) spectra  were obtained using 
a Varian A-60 spectrophotometer and were recorded by sweeping from low 
f ie ld  to high f ie ld .  The spectrometer  was  tuned on the re ference  s ignal  
o f  the internal standard being used at the t ime and then returned on the 
sam p le .  Many different machine se t t in g s  were used to obtain optimum
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s p e c t r a ,  but the R,  F .  f ield was a lways 0 . 0 5  mG or l e s s  to minimize the 
p o s s i b i l i t y  of double quantum jumps.
Solutions  for pmr spectra  were made by disso lv ing  0 .  10 to 0 . 5 0  g 
(depending on solubili ty)  of  the complex in 0 . 5  ml of so lvent .  The 
samples  were run at ca_. 4 0 °  C ,  the ambient temperature of the probe.
Sodium 2 , 2 - d i m e t h y l - 2 - s i l a p e n t a n e - 5 - s u l f o n a t e  (DSS) was used 
a s  an internal re ference  standard for spectra  measured in D2O and 
te t ram ethy ls i lan e  (TMS) was used a s  an internal re ference  for spectra  
measured in CDCI3 and a c e t o n e - d g  s o lv e n ts .
C ircu lar  dichroism
The circular  dichroism (CD) spectra  were obta ined on a Cary 
Model  60 Spectrophotometer in water  or chloroform so lv e n t .  Dr.  G .  W .  
Everet t ,  Jr .  of  the Univers ity of  K a n s a s , Law rence ,  K a n sa s ,  generously  
provided the spectra  along with his  interpretation of the r e s u l t s .
RESULTS AND DISCUSSION
The System [ C o ( a c a c )2 (sarc)l
Preparation and separat ion 
of  the diastereomers
The complex [ C o ( a c a c )2 (sarc)] was prepared by Laurie 's  method^7 
for synthes iz ing  [ C o ( a c a c )2 (amac)] complexes  by substi tuting an e q u i ­
molar amount of sarc  for the amino ac id  in the procedure .  The desired 
product w as  iso la ted  and separated into its  d ias tereom eric  components 
direct ly  from the crude react io n mixture by adsorption chromatography on 
alumina.  Elution with e th y la c e t a te  f irst  removes the unwanted green 
[ C o f e c a c ^ ]  complex from the column. Then a s y s te m a t ic  elution with 
e t h y la c e t a t e - e t h a n o l  so lvent  mixtures sep ara te s  the blue complexes  of 
[ C o ( a c a c )2 (sarc)]  into two components from the remainder of  the react io n 
products .  The diastereomers  of [ C o ( a c a c )2 (sarc)] are soluble  in ch lo ro ­
form, a ce to n e  and w ater .  No s t e r e o s e le c t iv i t y  was observed for th is  
s y s t e m .
Stereochemis try
The uncoordinated l igand sa rc  can e x i s t  in both the R and S c o n ­
f igurat ions  which are rapidly inverting in so lut ion .  Upon coordination 
of  the l igand to a metal  atom the asymmetric  nitrogen atom of sarc
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be co m e s  f ixed in e i ther  the R or S configuration and under certa in  condi­
t ions  interconversion of the two forms can  be completely  e l i m i n a t e d . ^ '  ^  
Incorporation of  sarc  into the complex [ C o ( a c a c )2 (sarc)] has been found 
to e f f i c i e n t ly  prevent th is  inversion o f  the configuration from occurring 
a s  w i l l  be demonstrated.
The complex [ C o ( a c a c ) 2 (sarc)] can e x i s t  in four s tereoisom eric  
forms similar to the example shown in Figure 4 .  Two enant iomeric pairs  
of  com plexes  -R,  _/V. - S  and Z\-S , _/V -R are  p o s s ib le  .
S in ce  a d ias tereom eric  re la t ionship  e x i s t s  between th ese  two 
enantiomeric  s e t s ,  separation of [ C o ( a c a c )2 (sarc)] into two components 
by non-dissy m m etr ic  methods proves that the asymmetric  nitrogen atom 
o f  sa rc  has  been configurationally  f ixed by coordination .
PMR of the diastereomers
Chem ica l  sh i f ts  for the diastereomers  of [ C o ( a c a c )2 (sarc)] are 
given in Table  2 . The a c a c  l igand portion of the spectrum for both 
d ias tere o m ic  s e t s  show four methyl s ing le t  and two methine singlet  
r e s o n a n c e s  a s  would be predicted for com plexes  with symmetry.  The 
f ir s t  blue band off the column, band A, e x h ib i t s  an AMNX3 pmr sp in -sp in  
spli t t ing pattern for the sarc  l igand which is  d irect ly  ana lyzable  only for 
the X3 portion.  The second blue band,  band B, g iv es  r ise  to pmr 
r e s o n a n c e s  of the sarc  l igand similar to band A, but with different 
ch e m ica l  shif ts  . The AMN portion of the AMNX3 pattern shows more
TABLE 2
PMR DATA FOR THE COMPLEXES [ C o ( a c a c )2 (amac)]
PMR. Chemical  Shi f ts3
amac a c a c
Complex Methine N-methyl C-methyl C-methyl Methine
[ C o (a c a c )2 (sarc)] -  A __b 2 . 0 8 c __b
2 .02 , 2 . 1 2  
2 .22 , 2 . 22c
5 . 5 0  
5 . 5  l c
[ C o (a c a c )2 (sarc)] -  B __b 2 .2 6° __b
2 . 00 , 2 . 1 2  
2 . 1 8 ,  2 . 20°
5 . 5 0  
5 . 5 3 C
(+)D- [ C o ( a c a c ) 2 (S-ala)] 3 . 7 5 __b 1. 40 1 . 9 8 ,  2 . 12  
2 . 1 7 ,  2 . 1 8
5 . 6 5
5 . 6 6
( - ) D - [ C o ( a c a c )2 (S-ala)] 3 . 5 5 __b 1 . 4 7 2 . 0 0 ,  2 . 1 3  
2 . 1 5 ,  2 . 2 2
5 . 6 6
5 . 7 1
(+)D- [ C o ( a c a c )2 (S-val)] 3 . 5 7 __b
0 .  83
1 . 10
2 . 0 2 , 2 . 1 2  
2 . 1 7 ,  2 . 2 0
5 .68 
5 . 7 0
(-)D-CC0 (a c a c )2 (S-val)] 3 . 4 0 __b 0 . 9 1
1 . 1 2
2 . 00 , 2 . 12  
2 . 1 7 ,  2 . 2 0
5 . 6 9  
5 . 7 2
(+):p - [ C o ( a c a c )2 (N-me-S -ala) ] 3 . 5 8 2 . 2 4  ( 2 . 32) d
1 . 42 2 . 0 1 , 2 . 12 
2 . 1 4 ,  2 . 1 8
5 . 7 7
5 . 7 8
TABLE 2 — Continued
PMR Chem ical  Shi f ts3
amac a c a c
Complex Methine N-methyl C-methyl C-methyl Methine
( - ) ;Q -[C o (acac )2 (N -m e-S -a la ) ] 3 . 4 2
2 . 0 1  
(2 . I 0)d
1. 52 2 . 0 3 ,  
2 .22 ,
2 . 15 
2 . 2 4
5 . 6 8
5 . 7 5
(+ )]2) - [C o (a c a c )2 (N -m e-S-va l ) ] 3 . 4 5 2 . 3 0  (2 . 4 0 ) d
1 . 10 
1.02
2.02  , 
2 . 16,
2 . 0 9  
2 . 17
5 . 6 6
5 . 6 7
( - ) D- [ C o ( a c a c )2 (N -m e-S-va l ) ] 3 . 3 6 2 . 0 1  ( 2 . 04 )d
1 . 0 6  
1 . 12
2 . 00 ,
2 . 1 8 ,
2 . 0 9
2.20
5 . 6 8
5 . 7 1
[ C o ( a c a c )2 (S-pro)] __e __b __b
2 . 0 3 ,  
2. 22  ,
2 . 17 
2.22
5 . 8 0
5 . 8 0
[C o (a c a c )2 (S-pro)] __e __b __b
2 . 0 5 ,  
2. 22  ,
2. 20
2 . 2 5
5 . 8 4
5 . 9 0
TABLE 2 --Continued
PMR Chemical Shi f tsa
amac a c a c
Complex Methine N-methyl C-methyl C-methyl Methine
[ C o (a c a c )2 (S-ser)] __e __b __b
2 . 0 3 ,  2 . 1 5  
2 . 1 8 ,  2 . 2 5
5 . 7 8
5 . 8 2
aValues for the ch e m ica l  shift  are given in ppm from the internal re ference  DSS in D2O so lv e n t .  
^Values are not app l icab le  to th is  complex .
c Values for the c h e m ica l  shift  are given in ppm from the internal re ference  TMS in CDClg so lv e n t .
^Values for the ch e m ica l  shift  are given in ppm from the internal re ference  TMS in a c e to n e -d g  
s o l v e n t .
eValues were not obta ined.
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l in e s  in band B than in band A. However,  the most striking difference 
betw een the pmr spectra  of the d iastereomeric  com plexes  is  that the X3 
N-methyl doublet o f  band B is  centered  at 2 . 2  6 ppm or downfield 
0 . 1 8  ppm from the X3 N-methyl doublet of  band A ( 2 . 0 8  ppm).
Application of the PMR method
By insp ect io n  of  sp a ce  f i l l ing molecular  models ,  the enant iomeric 
pair A  -s,  A  -R of [ C o ( a c a c )2 (sarc)] p la c e s  the N-methyl  group of 
sa rc  d irect ly  in l ine with the C-O bond of an a d ja c e n t  a c a c  l igand. 
According to the C -O  bond anisotropic  arguments mentioned p re -
O "1 O O A  O • A
v i o u s l y ,  ' ' th i s  is  a deshie ld ing posit ion re la t iv e  to  the Za -R ,
A  - S  enant iomers  for the system which p lace  the N-methyl group above 
an a c a c  C -O  bond. Based on th is  argument the isomers of [ C o f e c a c ^ -  
(sarc)]  conta ined in band B which exhib i t  the downfield N-methyl  group 
re so n an ce  are a s s ig n e d  a race m ic  mixture of A  - S  and A  -R enantiomers 
and band A is a s s ig n e d  as  a racemic  mixture of A  -R and A - s  
e n a n t io m e r s .
Comments on the PMR 
and CD methods
In th is  system s e t s  of enantiomers bearing a d iastereomeric  
re la t ionship  to e a c h  other can  be identified and a s s ig n e d  structures by 
pmr arguments .  However ,  CD sp ectra  of the bands were not measured 
b e c a u s e  ra ce m ates  are not o p t ic a l ly  a c t iv e  and therefore  cannot exhib i t
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C D .  I f ,  however,  the ra ce m a te s  were re s o lv e d ,  CD spectra  could be 
used to make chira l  ass ig n m en ts  of the enant iom ers .  ^  This system is a 
good example  of when pmr and CD sp e c tro sco p y  can  and cannot be 
a p p l ie d .
The System [ C o ( a c a c )2 (S-ala)]
In 19 69 ,  Laurie reported the s y n th e s is  and iso la t io n  of a mixture
3 7containing the d iastereomers  of [ C o ( a c a c )2 ( S - a l a ) ] . However,  no 
attempt w as  made to separate  the d iastereomers  and it was  suggested 
that the complex was unstable  with r e s p e c t  to disproport ionation.
Preparation and separation 
of the d iastereomers
Sy n th e s is  of the complex [ C o ( a c a c )2 (S-a la )]  was  accom plished
3 7using L au r ie 's  technique fol lowed by direct  appl ica t ion  of the crude 
re ac t io n  mixture to an alumina chromatographic column. Elution with 
e th y la c e t a t e - e t h a n o l  so lvent mixtures produced the individual blue 
d ia s tere o m e rs ,  - S  and _A_- S - [ C o ( a c a c )2 (S -a la )]  in pure form. The 
separat io n is e f f i c ie n t ly  monitored by pmr sp e c tro sco p y  b e c a u s e  the 
d ias tereom ers  exhib i t  different ch e m ica l  s h i f t s .  No s t e r e o s p e c i f i c i ty  
w as  o b serv e d ,  and the d iastereomers  are soluble  in a ce to n e  and water 
and s tab le  to disproport ionation for long periods of time ( i . e .  , over 
s i x  months) in water  so lut ion .
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Stereochemistry
The s tereoch em istry  of th is  system is quite s im ple .  The two chiral
d iastereomers  A - s ,  A  ~S a s  i l lu strated  in Figure 4 ,  p o s s e s s  C ^
2 _
symmetry and are  c l o s e l y  re la ted  to the [Co(ox)2 (S-a la ) ]  diastereomers
38 42studied by B e r e n d s . ' However,  the use  of a c a c  instead of ox in a
system o f  th is  type produces more protons to observe  by pmr, thus the 
symmetry and o vera l l  magnetic ch arac te r  of the dias tereom ers  are e a s i l y  
determined.
PMR of the d iastereomers
All pmr ch e m ic a l  sh i f t s  obtained for the d iastereomers  of 
[ C o ( a c a c )2 (S-a la )]  are given in Table  2 .  In D2O solvent (+)D - [ C o ( a c a c ) 2 -  
( S - a l a ) ] ,  which eluted f ir s t  from the chromatographic column, e xh ib i ts  a 
coordinated S - a l a  methyl group doublet and a methine quartet ,  after the 
N-H protons have exchanged for deuterium. The coordinated a c a c  
l igands produce four methyl group s ing le t  and two methine singlet  
r e s o n a n c e s  as  ex p e c te d  for symmetry.  ( - ^ - [ C o t a c a c ^  ( S - a l a ) ] , the 
second isomer off  the column, r e v e a ls  the same pmr split t ing pattern and 
coupling c o n s t a n t s ,  however ,  the chem ical  shif ts  are s l ight ly  dif ferent.  
The ( - ) j-j isomer methyl doublet of  S - a la  is deshie lded by 0 . 0  7 ppm 
re la t iv e  to the (+ )j-) isomer .  The S - a l a  methine quartet  is deshie lded in 
the (+)D isomer by 0 . 2 0  ppm re la t iv e  to the (~)D isomer.  Thus the (+)D 
isomer has  a shie lded methyl and a deshie lded  methine re la t ive  to the
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( - ) j-j isomer for the coordinated S - a l a  l igand. The only notable  difference 
for the a c a c  portion of the pmr spectrum between diastereomers  is a 
larger ch e m ica l  shift  for the a c a c  methine protons in the (~)D isomer.
Chiral  ass ig n m en ts  by 
the PMR method
The C -O  bond anisotropic  deshie ld ing model can be used to predict  
the ch i ra l i ty  of th e s e  d ias tere o m e rs .  Analysis of  sp a ce  f i l l ing molecular 
models ind ica tes  that a A  hel ix  for th is  system p la c e s  the methyl 
group of  the S - a l a  above the C -O  bond of an a d ja c e n t  a c a c  l igand as  
shown in Figure 10.  On the other hand the A  h e l ix  p la c e s  the methyl 
group o f  S - a l a  in l ine with a C - O  bond of a c a c  a s  shown in Figure 11.
The pmr model predic ts  the A  isomer to exhib i t  an S - a l a  methyl group 
reson an ce  that is  shie lded or upfield re la t ive  to the A  i som er .^® '  ^
Figure 12 i l lu s tra te s  that the methine of S - a l a  in A  -[Co(acac)2 “ 
(S-ala )]  i s  in l ine  with an a c a c  C -O  bond. Models a l s o  show that 
A  - [ C o ( a c a c )2 (S -a la) ]  , shown in Figure 13,  p la c e s  the methine of S - a l a  
above the C-O  bond of a c a c .  According to the pmr model the A  h el ix  
of th is  system  would exhib i t  a deshie lded or downfield methine resonance  
of S - a l a  re la t iv e  to the A  isomer .  42 S ince  the (+) j-j isomer shows a 
sh ie lded methyl and a deshie lded methine for S - a l a  re la t ive  to the (~)D 
isom er ,  the isomer is  a s s ig n e d  a A_ h e l ix  and the (-)j-j isomer is
a s s ig n e d  a A  h e l i x .
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F ig .  1 0 . - - M e t h y l  group of  S - a l a  in A  - [ C o ( a c a c ) 2 (S-ala )]  above 
he C -O  bond of an a c a c  l igand.
F ig .  1 1 . - - M e t h y l  group of S - a l a  in - [ C o ( a c a c )2 (S-a la )]  in l ine 




F ig .  12 . - - M e t h i n e  proton of S - a l a  in A  - [ C o ( a c a c ) 2  (S-a la )]  i n l i n e  
rith a C -O  bond o f  an a c a c  l igand.
F ig .  1 3 . - - M e t h i n e  proton of S - a l a  in A  - [ C o ( a c a c ) 2  (S-a la )]  above 
le  C -O  bond o f  an a c a c  l igand.


C hiral a ss ig n m en ts  
by the CD method
The v is ib le  spectrum long w avelength  CD curve of the d iastereom ers 
re v e a ls  a large p o sit iv e  CD band for the (+)]3 isomer ind icative  of a _A_ 
h e lix  and a large n egativ e  CD band for the ( - ) D isomer indicative o f a A  
h e l ix .  ^ ' ^9 Thus CD ass ig n m en ts  are in agreem ent with the pmr a s s ig n ­
ments w hich were arrived at by bond m agnetic  an iso tro p ic  deshielding 
arguments (see  Table  3 ) .
The System  [C o (a c a c )2 (S -val)]
Preparation and separation  
o f  the d iastereo m ers
The complex [ C o ( a c a c ^  (S-val)]  w as prepared by L au rie 's  procedure
o y
for sy n th es iz in g  com plexes of th is  ty p e . ' The crude reactio n  mixture 
w as chromatographed on an alumina column eluting with e th y la c e ta te -  
e than ol so lvent mixtures (Table 1). Following the removal of the 
unwanted green [C o(acac)o] co m p lex , two blue bands were eluted and 
la ter  identified a s  being the desired produ cts. The d iastereom ers were 
formed in equal amounts in the re a c t io n ,  no s te r e o s p e c i f ic i ty  was 
o b serv e d , and the d iastereom ers are so lu b le  in a ce to n e  and w ater.
Stereo ch em istry
The com plex [C o (a c a c )2 (S -val)]  e x h ib its  the same s tereoch em istry  
a s  the p reviou sly  d escrib ed  [C o (a c a c )2 (S -a la )]  sy s te m . Two diastereom ers 
A  -S  and _A_- S , with C-  ̂ symmetry are p o s s ib le .
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TABLE 3
CHIRAL ASSIGNMENTS BY PMR AND CD FOR THE 








[C o (a c a c )2 (sarc)] -  A A  - r , A  - s _b __c
[C o (a c a c )2 (sarc)] -  B A  - s ,  A  - r _b __c
(+)D ~ [C o (a c a c )2 (S-ala)] A (+) A
(-)]3 - [C o (a c a c )2 (S-ala)] A (-) A
(+ )D -[C o (a c a c )2 (S-val)] A (+) A
( - )D - [C o (a c a c )2 (S-val)] A (-) A
(+)D - [ C o ( a c a c )2 (N-me-S--a la)] A •(+) A









(+)D- [C o (a c a c )2 (N -m e-S -v a l)] A (+) A
( - ) D- [ C o ( a c a c )2 (N -m e-S -v a l)] A (-) A
a Sign ind icates  the sign of the dominant CD band in the long w avelength region as measured
in CH CI3 .
u D  was not obtained . 
c Not a p p lica b le .
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The ligand S -v a l
Before d is c u s s in g  the pmr spectrum of the d iastereom ers of 
[C o (a c a c )2 (S -val)]  , the pmr sp in -sp in  sp litting  pattern for the free amino 
a c id  S -v a l  w ill  be m entioned. Figure 14 i l lu s tra te s  the three non- 
e c l ip s e d  rotamers of S -v a l  along the carb o n -carb o n  bond that jo in s  the
F ig .  14 . - - P o s s i b l e  rotamers o f S -v a l
isopropyl group to the amino ac id  ch a in .  Rotation of the isopropyl group 
about th is  bond is not hindered and therefore a l l  three rotamers can  e x is t  
with rotamer c being s lig h tly  more favorable  than the others from s ter ic  
c o n s id e ra t io n s .  The asym m etric  carbon atom provides a m agnetic 
environment that cannot be time averaged by rapid rotation and thus the 
methyl su b stitu en ts  of the isopropyl group are m ag n etica lly  non­
e q u iv a le n t .  This s itu ation  g iv es  r is e  to an AMX3Y3 pmr sp in -sp in  
sp littin g  pattern for S - v a l .  ' Coordination of the S -v a l  anion to  a 
Co(III) ion should not a lter  th is  pattern although the ch em ica l sh ifts  are 
ex p e cte d  to  change s l ig h t ly . ^ *
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PMR of the d iastereom ers
The d ia s te re o m e r , (+ )p )-[C o (a ca c )2 (S val)] , which w as eluted first 
from the chrom atographic colum n, e x h ib its  an asym m etric carbon methine 
doublet reso n an ce  for the coordinated S -v a l  downfield by 0 . 1 7  ppm from 
the corresponding methine proton of ( - ^ - [ C o C a c a c ^  (S-val)] . The methine 
proton of the su bstitu ent isopropyl group appears a s  a broad unresolvable  
envelope and the methyl su bstitu en ts  of the isopropyl group appear as  
two n o n -eq u iv a len t doublets in e a ch  of the d ia stere o m e rs .  The a c a c  
methyl protons revea l four n o n -eq u iv a len t s in g le t  re so n a n ces  and the 
a c a c  m ethines show two s in g le t  re so n a n ce s  in each  diastereom er which 
i s  ind icative  of C  ̂ symmetry. The a c a c  methine re so n a n c e s  are s l ig h tly  
more separated  in the ( - ) j-j d iastereo m er. All ch e m ica l sh ifts  are given 
in Table  2 .
C hiral a ss ig n m en ts  
by the PMR. method
2 8S in ce  S -v a l  and S - a la  are configu rationally  re la ted  and differ 
only in th e  su bstitu en t group on the amino a c id ,  Figures 12 and 13 can  
be used in d isc u ss in g  the [C o (a c a c )2 (S -val)]  sy s te m . The asymm etric 
carbon atom methine of S -v a l  is  d esh ie ld ed  by a C -O  bond of an a d ja cen t 
a c a c  ligand in the A  h e lix  a s  shown in Figure 12 . The s ituation  shown 
in Figure 13 re v e a ls  that a A h e lix  p la c e s  the methine proton above an 
a c a c  C -O  bond in a sh ie lded  environm ent. Thus ( + ) ^ - [ C o ( a c a c )2 (S-val)]
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which e x h ib its  a more downfield pmr re so n an ce  for the methine proton is  
a s s ig n e d  a A  h e lix  and the ( - ) D diastereom er is  a ss ig n e d  a A  h e l ix .
Chiral a ss ig n m en ts 
by the CD method
CD sp ectra  in the v is ib le  absorption  region shows a p o sitiv e  long 
w avelength  CD band for (+ )p>-[C o(acac)2 (S-val)] in d ica tiv e  of a A  h e lix  
and a n eg ativ e  long w avelength  band for ( - ) D - [ C o ( a c a c ) 2 (S-val)]  in d ic a ­
tiv e  of a A  h e l ix .  Thus the ch ira l a ss ig n m en ts  made by the pmr and 
CD methods are in agreement (see  Table  3 ) .
Comments concerning the 
PMR of the d iastereom ers
The ch em ica l sh if ts  o f  the su b stitu en t methyl groups of the S -v a l  
moiety for th is  system  are worth n o tin g , Table 2 .  In A -[Co(acac)2 - 
(S-val)]  the two n o n -equ iv a len t methyl doublets  are separated  by 13 
Hertz (Hz) while the separation is  10 Hz in A  - [ C o ( a c a c )2 (S-val)] .
This 3 Hz greater d ifferen ce  in the A h e lix  is  ju s t  opposite  to that
24 -
observed for the system  [C o (S -v a l)  (e n ^ ]  , where Sargeson finds a 4 Hz
g reater  sep aratio n  of the S -v a l  methyl doublets for the A  iso m e r.^  ^
This re v e rsa l  of ch em ica l sh ift  d if fe ren ces  for the ch ira l  forms of a c a c  
and en sy ste m s cannot be re la ted  to ch ira l  stru ctures at th is  t im e . How­
e v e r ,  the rotamer population of the isopropyl group of S -v a l  must be 
different betw een the two d iastereo m eric  co m p le x e s .
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Sin ce  the methyl re so n a n c e s  o f S - a la  for th e  d iastereom ers of 
[C o (a c a c )2 (S -a la )]  can be sy s te m a t ic a l ly  re lated  to ch ira l i ty  (vida supra) , 
it would seem  appropriate to co n sid er  the average ch e m ica l  shift of the 
methyl re so n a n ce s  of S -v a l  for the [C o (a c a c )2 (S -val)]  sy ste m . The 
average ch em ica l sh ift o f  the methyl doublets in the A  isomer is 6 1 .5  Hz 
and for the A .  isomer the average is  6 2 .0  H z. T h ese  v a lu es  are the 
same within experim ental error and therefore the m agnetic  environment 
surrounding the methyl groups of S -v a l  betw een ch ira l  d iastereom ers of 
[C o (a c a c )2 (S -val)]  appears to be unaffected  by bond an isotropy . This 
o bserv ation  is  not in c o n s is te n t  with previous re su lts  b e ca u se  the d is ­
ta n ce  betw een the methyl protons of S -v a l  and the a c a c  C -O  bond in 
[Co (a c a c )2 (S -val)]  is  co n sid erab ly  larger than the d is ta n c e  between the 
methyl group of S - a la  and the a c a c  C -O  bond in [C o (a c a c )2 (S -a la)] . 
M agn etic  anisotropy d e c r e a s e s  proportionally to the cube of the d is ta n ce  
from its  source ' and apparently the methyl groups of S -v a l  in the 
d iastereom ers of [C o (a c a c )2 (S -val)]  are simply too far removed from the 
a d ja c e n t  C -O  bond of a c a c  to be sy s te m a t ic a l ly  a f fe c te d  by i t .
The System  [ C o f e c a c ^  (N -m e -S -a la ) ]
Preparation and separation  
o f  the d iastereom ers
The complex [C o (a c a c )2 (N -m e -S -a la ) ]  w as prepared by L au rie 's  
m e th o d ^  for sy n th es iz in g  [C o (a c a c )2 (amac)] co m p le x e s .  This w as done 
by su bstitu ting  an equimolar amount o f the ligand N -m e -S -a la  for the
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amino a c id  in the procedure. N -m e -S -a la  w as generously  supplied by 
V. Kubik. The crude reactio n  mixture w as then chromatographed on an 
alumina colum n. Elution with e th y la c e ta te  f irs t  removes the green com ­
plex  [ C o fe c a c jg ] ,  then sy s te m a t ic  e lution with e th y la c e ta te -e th a n o l  
so lvent m ixtu res , Table  1 , removes the desired  two blue [C o (a c a c )2 -  
(N -m e -S -a la ) ]  com plexes in sep arate  fraction s . The (-)p> diastereom er 
is  eluted prior to the (+)jg d iastereom er from the colum n. Pmr w as used 
to monitor the separation  and it a ls o  showed that the diastereom ers were 
formed in equal amounts in the re a c t io n .  The d iastereom ers are s tab le  
to disproportion both in the so lid  s ta te  a s  w ell  a s  in solution and are 
so lu b le  in chloroform , a ce to n e  and w ater .
S tereo ch em istry
The ligand N -m e -S -a la  can  coordinate to a metal ion in two w a y s .  
The configuration at the nitrogen atom of the free  ligand rapidly inverts 
in solution but becom es fixed upon coordination to  a metal ion. Thus it 
is  p o s s ib le  for N -m e -S -a la  to coordinate  R ,S  or S , S  if  s te r ic  in teractio n s  
are ignored. (The firs t  le tter  in d ica te s  the configuration at the coord i­
nated asym m etric  nitrogen atom and the secon d  le tte r  g iv es  the co n figu ra- 
tio n  at the asym m etric  carbon a to m .)  Berends ' and others ^ '  '  
have reported that only R ,S  coordination is p o ss ib le  for N -m e -S -a la  
b e c a u s e  S , S  coordination requires v ic in a l  methyl groups be c i s  on a five
membered ch e la te  r in g . Allowing R ,S  coordination o n ly ,  the com plex
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[C o (a c a c )2 (N -m e -S -a la ) ]  can e x is t  in two d iastereo m eric  form s,
A  -R ,  S and j V - R , S .
PMR of the d iastereom ers
Pmr ch em ica l sh if ts  for the d iastereom ers of [C o (a c a c )2 (N -m e -S -  
ala)] are g iven  in T able  2 . The acac. portions of the sp ectra  c o n s is t  of 
four methyl group s in g le t  and two methine s in g le t  re so n a n ce s  for each  
d ia s te re o m e r . This m agnetic  n o n -e q u iv a len ce  of the a c a c  ligands is 
only  p o s s ib le  for co m p lexes  p o s s e s s in g  C-  ̂ symmetry. The ligand 
N -m e - S - a la  g iv e s  r ise  to a pmr sp in -sp in  splitting  pattern co n s is t in g  of 
a methine q u artet ,  a C -m eth yl doublet and an N -m ethyl s in g le t  for each  
d iastereom er follow ing deuteration of the N-H group.
In D 2O the N -m e -S -a la  ligand methine proton reso n an ce  for the 
(+)D diastereom er is  downfield 0 . 16 ppm re la tiv e  to the corresponding 
re so n a n ce  for the (-)-q isom er. The amino a c id  C -m eth yl group of the 
(+)j-j isom er re so n a te s  0 .1 0  ppm upfield re la tiv e  to the (-)p) isom er. In 
both D2O and a c e to n e -d g  the N -m ethyl group reso n an ce  appears down- 
f ie ld  in the ( + A  d iastereom er re la tiv e  to the ( - ) j-j d iastereo m er.
C hiral ass ig n m en ts  
by the PMR method
Values for the ch e m ica l sh if ts  of the d iastereom ers are given in 
Table  2 . Considering the ch e m ica l sh ifts  of the amino a c id  protons, 
( + ) ^ - [ C o ( a c a c )2 (N -m e -S -a la ) ]  e x h ib its  a downfield methine reso n an ce
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and an upfield C -m eth yl re so n an ce  re la tiv e  to ( - ) „ - [C o (a c a c )o  (N -m e -S -D ^
a l a ) ] . This  is  the same situation  that w as found for the d iastereom ers 
o f  [C o (a c a c )2 (S -a la )]  (vida supra) and thus ch ira l a ss ig n m en ts  for both 
sy ste m s can be made by the same pmr deshie ld ing  argum ents. This is 
p o s s ib le  b e c a u s e  the amino a c id  asym m etric carbon atom m ethines and 
methyl groups e x is t  in the same sp atia l  arrangement in the d iastereom ers 
o f  both s y s te m s .  On th is  b a s is  (+ )£ j- [C o (a c a c )2 (N -m e -S -a la ) ]  can be 
a ss ig n e d  the _A_ h e lix  and the ( - ) q  d iastereom er is  a ss ig n e d  to  a A  
h e l ix .
The methyl group of N -m e -S -a la  coordinated in the R ,S  configu ra­
tion  is  trans to the C methyl su bstitu ent and c i s  to the methine proton of 
the asym m etric carbon atom . Thus the N -m ethyl group would be exp ected  
to ex p e rien ce  the same re la t iv e ly  shielded or d esh ie ld ed  environment a s  
does the methine proton in the same ch ira l arrangement of the com plex . 
S in ce  the N -m ethyl group is  a su bstitu en t on the donor atom of the amino 
a c id  c h e la te  r ing , it w ill  be situated  c lo se r  to the a d ja c e n t  a c a c  C-O  
bond than is the asym m etric  carbon atom methine proton. Therefore the 
N -m ethyl group ch em ica l sh if ts  should be another e f f ic ie n t  probe of in ter­
ligand m agnetic an iso tro p ic  sh ie ld ing  or d esh ie ld in g  betw een the ch ira l 
d ia s tere o m e rs .  The arrangement o f the N -m ethyl group o f A  - [ C o ( a c a c ) 2 -  
(N -m e -S -a la ) ]  is  shown in Figure 15 . In th is  ch ira l  arrangement the 
N -m ethyl group is d ire c t ly  in line with the C -O  bond of an ad ja cen t a c a c  
l igan d . This s itu ation  for the N -m ethyl group is predicted to be
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d esh ie ld in g  re la tiv e  to the N -m ethyl group of A  - [ C o ( a c a c )2 (N -m e -S -a la )]  
w hich is  shown in Figure 16. In the A  d iastereom er the N-m ethyl group 
is  above the C -O  bond of an a d ja c e n t  a c a c  ligand in a re la t iv e ly  shielded 
environm ent. As a resu lt  the N-m ethyl group ch em ica l shift in the 
isomer of th is  system  is predicted to be downfield re la tiv e  to the 
iso m e r .
The ch em ica l sh ift of the N-m ethyl group is downfield in 
(+ )£ )-[Co (acac) 2 (N -m e -S -a la ) ]  by 0 . 2 3  ppm in D2O solvent and by 
0 .22  ppm in a c e to n e -d g  re la tiv e  to the (-)p> d iastereo m er. Thus the 
(+)D isom er is a s s ig n e d  a A  h e lix  and the (-)p) isomer a A  h elix  in 
agreem ent with a ss ig n m en ts  made by considering  methine and C -m eth yl 
ch em ica l s h i f t s .
It is  important that the ch ira l a ss ig n m en ts  made by the pmr method 
using ch e m ica l  sh if ts  obtained in either so lv en t give the same r e s u l t s .
This in d ica te s  that the re la tiv e  N-m ethyl ch e m ica l sh if ts  are not so lvent 
dependent but are  indeed the re su lt  o f  the ch ira l  structure of the 
d ia s te re o m e rs .
C hiral ass ig n m en ts  
by the CD method
The (+)]2) d iastereom er e x h ib its  a net p o s it iv e  long w avelength  CD 
band ind icative  of a A  h e lix  and the ( - ) q  d iastereom er a negative long 
w avelength  CD band ind icative  of a A  h e l ix ,  Table 3 .  Thus the ch ira l 
a ss ig n m en ts  made by the pmr and CD methods are in agreem ent. ^
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Fig 
N -m e -S -
Fig
N -m e -S -
. 1 5 . — N -m ethyl group of N -m e -S -a la  in _/V - [ C o C a c a c ^ -  
ala)] in line with the C -O  bond o f an a c a c  ligand .
. 1 6 . - -N -m e th y l  group of N -m e -S -a la  in - [ C o ( a c a c ) 2 “ 




The System  [C o (a c a c )2 (N -m e -S -v a l) l
Preparation and separation  
of the d iastereom ers
The complex [CoCacacD  (N -m e -S -v a l) ]  w as obtained using 
L a u r i e ' s ^  method for preparing [C o (a c a c )2 (amac)] co m p le x e s .  This w as 
acco m p lish ed  by substitu ting  an equimolar amount of N -m e - S - v a l ,  
w hich w as prepared by the method of Quitt et a l .  , Dcs for the amino ac id  
in L au rie 's  procedure. D irect ap p lica tio n  of the crude re ac tio n  mixture 
to  an alumina chromatographic column and e lution with e th y la ce ta te  
removes the unwanted green [C o tecac)^ ]  com plex follow ed by the 
appearance  of two blue bands of equal height on the column. Elution of 
the blue bands from the column with e th y la c e ta te -e th a n o l  mixtures and 
su bsequ ent id e n tif ica t io n  re v e a ls  that (+ ) -^ - [C o (a c a c )2 (N -m e-S -v a l) ]  is  
e luted f irs t  follow ed by the ( - ) q  form. No s te r e o s p e c i f ic i ty  w as observed 
and the d iastereom ers are so lub le  in chloroform , a ce to n e  and w ater .
Stereo ch em istry
The ligand N -m e -S -v a l  is  predicted to coordinate to a metal ion 
s te r e o s p e c i f ic a l ly  in the R ,S  configu ration . (The firs t  le t te r  refers to the 
configuration at the coordinated asym m etric  nitrogen atom and the secon d 
le tter  re fers  to the configuration at the asym m etric  carbon a to m .)  This is 
a lo g ic a l  co n clu s io n  b ase d  upon the fa c t  that N -m e -S -a la  h as  been found 
to coordinate e x c lu s iv e ly  in the R ,S  f o r m . , ^2 , 7 4 ,  75 ^he isopropyl 
group of N -m e -S -v a l  is  e x p ected  to offer at le a s t  a s  much s te r ic
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in terferen ce  to a v ic in a l  c is  S -N -m eth y l group upon coordination of the 
N -m e -S -v a l  ligand as  does the C -m ethyl group in the c a s e  of coordinated 
N -m e - S - a l a .  Iso la t io n  of two diastereom ers for the complex 
[CoCacacK (N -m e -S -v a l) ]  can  be used to support th is  con ten tio n . If both 
S , S  and R ,S  coordination of N -m e -S -v a l  were p o s s ib le /  the complex 
[C o (a c a c )2 (N -m e -S -v a l) ]  could e x is t  in four d iastereo m eric  forms:
A  - R , S /  A  - R , S ,  A  - S , S and A  - S , S .  H ow ever, only two diastereom ers 
were found and s in c e  the uncrowded R ,S  configuration is e x p e c te d ,  it is 
concluded that S , S  coordination of the ligand is e lim in ated . The two 
blue co m p lexes  eluted from the chromatographic column must therefore be 
the ch ira l d iastereom ers A  -R , S and A - r , s .
PMR of the d iastereom ers
Pmr data for the d iastereom ers of [C o (a c a c )2 (N -m e-S -v a l) ]  are 
presen ted  in Table 2 . The a c a c  portions of the sp ectra  c o n s is t  o f  four 
methyl group s in g le t  and two methine s in g le t  re so n a n ce s  for both 
d ia s te re o m e rs .  This m agnetic n o n -e q u iv a len ce  of the a c a c  ligands in 
e a c h  c a s e  re v e a ls  that the d iastereom ers p o s s e s s  symmetry.
The sp in -sp in  sp litting  pattern for the N -m e -S -v a l  ligands is  the 
same a s  found for S -v a l  in the d iastereo m ers of [C o (a c a c )2 (S-val)] with 
the addition of the N -m ethyl group r e s o n a n c e s .  The methine proton of 
the asym m etric  carbon atom re so n a te s  downfield in (+)j-)- [C o (a c a c ) 2 -  
(N -m e -S -v a l)  re la t iv e  to the (_)q  d iastereom er in D2O so lv e n t .  The 
N -m ethyl group re so n a te s  downfield in the (+)j-j isom er re la tiv e  to  the
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(-) isom er in both D2O and a c e to n e -d g  s o lv e n ts .  This solvent 
independence o f the re la tiv e  N -m ethyl group ch e m ica l shift betw een the 
ch iral d iastereom ers is  important if  structural ass ig n m en ts  are to be made 
irom pmr s p e c tra .  ^
The methyl su b stitu en ts  o f  the isopropyl group of N -m e -S -v a l  are 
m ag n etica lly  n o n -eq u iv a len t in both d iastereom ers a s  was the c a s e  for 
the complex [C o (a c a c )2 (S -val)]  (vida supra) . For ( - ) D - [C o (a c a c ) 2 -  
(N -m e -S -v a l) ]  the C -m ethyl doublets are separated  by 4 . 0  Hz and in the 
(+)■ £> d iastereom ers the separation  is 1 .5  H z. From th is  it is  p o s s ib le  to  
conclude that rotation of the isopropyl group is s l ig h t ly  l e s s  rapid in the 
(-)j-) isomer re la tiv e  to the (+)p) isom er. ^  H ow ever, s in c e  the 
average ch e m ica l sh if ts  o f  the methyl su bstitu en ts  are the same for both 
d ia s tere o m e rs ,  no s ig n if ic a n t  d ifferen ce  in the m agnetic  environment 
surrounding the isopropyl group is revea led  betw een the two chiral 
a rra n g e m en ts .
C hiral ass ig n m en ts  
by the PMR method
Arguments presented  previou sly  for the system  [C o (a c a c )2 (S -val)]  
may be applied to the pmr ch e m ica l sh ifts  of the d iastereom ers of 
[C o (a c a c )2 (N -m e-S -v a l) ]  . For th e s e  system s a A  h elix  is predicted to 
exh ib it  an asym m etric carbon atom methine proton re so n a n ce  d esh ie lded  
re la tiv e  to  a A  h e l ix .  On th is  b a s is  (+ )Q - [C o (a c a c )2 (N -m e - S -v a l ) ] , 
with the downfield methine proton re s o n a n c e ,  is  a ss ig n e d  a A  h e lix
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and the (-) form is a ss ig n e d  a A  h e l ix .  The predicted  m agnetic 
environment of the R -N -m ethyl group w as d is c u s s e d  previously  for 
ch iral d iastereom ers of the analogou s system  [C o (a c a c )2 (N -m e -S -a la ) ]  .
A A  h e lix  is  exp ected  to exh ib it  an N -m ethyl group re so n an ce  
d esh ie lded  re la tiv e  to a A  h e lix  and thus (+)D- [ C o ( a c a c )2 (N -m e-S -v a l) ]  ' 
with the downfield N -m ethyl group re so n an ce  is a s s ig n e d  a A  h e lix  and 
the ( - ) j-j isom er is a ss ig n e d  a A  h e lix  in agreem ent with the above 
predict i o n s .
Chiral ass ig n m en ts  
by the CD method
The in ten se  v is ib le  long w avelength CD band for (+)D -[C o (a ca c )2 -  
(N -m e -S -v a l) ]  is  p o s it iv e  indicating  a A  h e lix  and is n egative  for 
( - ) D _CC°(ac a c )2 (N -m e-S -v a l) ]  ind icating  a A  h e l ix ,  T able  3 .  Thus the 
ch ira l ass ig n m en ts  made by pmr arguments and the CD method are in 
a g re e m e n t. ^
The System s [C o (a c a c )2 (S-pro)] 
and [C o (a c a c )2 (S -ser)]
S tereo ch em ica l co n sid eration s
For the sy stem s d is c u s s e d  previously  [C o (a c a c )2 (S-am ac)] , where 
the S -a m a c  is  S - a l a , S - v a l ,  N -m e -S -a la  and N -m e - S - v a l ,  no preference 
w as found for the formation of one chiral d iastereom er at the exp en se  of 
the o ther. This lack  o f s te r e o s p e c i f ic i ty  is  an u n expected  r e s u lt ,  p a r t ic ­
ularly  in the c a s e  of S - v a l^ *  and the N -m ethyl amino a c id s^ ® ' ^  ' 74-75
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in w hich su bstitu en t R groups are large enough to cau se  s te r ic  in ter­
a c t io n s  o f the amino ac id  with a d ja c e n t  a c a c  l ig a n d s .  On the other hand 
the very sim ilar complex [C o (N -m e -S -a la ) (o x )? ] has been shown to 
e xh ib it  a 3 : 1 ,  A  to A  product r a t io .  ^  Kubik and Brushmiller in ter­
preted th is  s te r e o s p e c i f ic i ty  to result from the N -m ethyl group in the A  
h e lix  being crowded with an a d ja c e n t  ox ligand . The ox ligand forms a 
planar f ive  member ch e la te  ring w hile  a c a c  forms a planar s ix  member 
ring and th is  d ifferen ce  in ring s iz e  may expla in  the lack  of s te re o ­
s p e c i f ic i ty  encountered for a c a c  s y s te m s .  H ow ever, a c a c  contains pi 
d e lo c a l iz e d  e le c tro n s  a s  does o x ,  and therefore  coordinated a c a c  a lso  
should be cap ab le  o f s te r ic  repulsion toward groups very near the top 
or bottom of the c h e la te  r ing . This s te r ic  hindrance above the ring 
should be greater  than the repulsion for groups approaching the plane of 
the a c a c  ring for th e se  s y s te m s .
The ligand S-pro
In an effort to introduce a s te r e o s p e c i f ic i ty  resulting  from non-
bonded in terch ela te  ring s te r ic  crowding for a c a c  co m p lex es ,  the ligand
S-p ro  w as s e le c t e d .  S-pro  is  shown coordinated to a metal ion in
Figure 17 . The su bstitu ent five member pyrrolidine ring c a u s e s  the
nitrogen atom of S-pro  to coordinate e x c lu s iv e ly  in the S configu ra- 
75 77 79t io n .  ' ' This is obvious when one co n sid ers  coordinated S-pro
g iv e s  r is e  to two fused five member r in g s .  The three methylene groups
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F ig .  1 7 . — Coordinated form of the S ,S -p r o l in e  ligand
forming the pyrrolidine ring must be co nnected  to the amino a c id  through 
bonds arranged c is  on the ch e la te  r ing . Thus for S configuration at the 
asym m etric  carbon atom , the asym m etric  nitrogen atom must coordinate
O O
in the S configu ration . The rigid structure o f S ,S -p r o  should te s t  
in terch ela te  ring s te r ic  crowding betw een the ch ira l d iastereo m ers o f  the 
com plex [C o (a c a c )2 (S , S -p r o ) ] .
Preparation and separation  
o f  the d iastereom ers
The complex [C o (a c a c )2 ( S , S-pro)] w as prepared by a ligand 
exch an ge  re ac tio n  u tiliz in g  [C o (a c a c )3] and the anion of S-pro in aqueous 
methanol so lv e n t .  Activated ch a rco a l  w as used a s  a c a ta ly s t  for the 
re a c t io n .  Column chromatography of the crude re ac tio n  mixture 
e f fe c t iv e ly  removes the green u nreacted  starting m aterial [CoCacac)^] 
from the desired  product. Further e lution with e th y la c e ta te -e th a n o l  
so lv en t m ixtu res , Table  1, g iv es  r is e  to two blue bands o f equal height
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on the column. By slow ly  in creasin g  the ethanol content of the eluting 
s o lv e n t ,  two blue bands are removed from the column in separate  
fract io n s  and were su bseq u en tly  shown to be the individual diastereom ers 
o f the com plex [C o (a c a c )2 (S , S-pro)] .
PMR of the d iastereom ers
The d iastereom ers of [C o (a c a c )2 (S-pro)] exh ib it  pmr spectra in d ic a ­
tive  o f symm etry, Table 2 .  In each  diastereom er four a c a c  methyl 
s in g le t  and two a c a c  methine s in g le t  re so n a n ces  are found but no 
s ig n if ic a n t  ch e m ica l sh if ts  for the protons are observed betw een the 
iso m e rs .  The S-pro  ligand g iv es  r ise  to a very com plicated  pmr sp in -  
spin sp litting  pattern which is  not d irectly  a n a ly z a b le  for individual 
proton ch e m ica l  s h i f t s .  Thus ch ira l  ass ig n m en ts  for the d iastereom ers 
of th is  system  have not been  made by pmr desh ie ld in g  argum ents.
S te r e o s p e c i f ic i ty  of [C o (a c a c )2 (S-pro)]
S in ce  the ch ira l d iastereom ers of the system  [C o (a c a c )2 (S-pro)] are 
formed in equal am ou nts, no s te r e o s p e c i f ic i ty  resu lting  from steric  
crowding has been  demonstrated for a c a c  co m p lex es .  It is  surprising 
that even very bulky ligands such as  S-pro  are in cap able  o f cau sing  
crowding with the a d ja c e n t  a c a c  l ig a n d s .  Other typ es of l igand s that 
can impart s te r e o s p e c i f ic i ty  must be em ployed, if a model for predicting 
ch ira l i ty  from isom er abundance is  to be developed for com plexes of th is
t y p e .
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The ligand S -s e r in e
H all and D o u g l a s ^  have reported that the ligand S - s e r  imparts a 
s te r e o s p e c i f ic i ty  on the system  [C o (S -s e r ) (e n )2l + + . It was postu lated  
that the fu nctional group side c h a in ,  R - -C H 9OH of S - s e r ,  w as involved 
in a three point a t t a c h m e n t^  w hich serv es  to s ta b i l iz e  the A  h e lix  of 
the sy s te m . A hydrogen bond in teraction  of the hydroxyl group with the 
N-H protons of a d ja c e n t  en ligands is  p o ss ib le  only in the A  form of 
the com p lex . By th is  argument, A  - [C o (S -s e r ) (e n )2l ++  w as presumed to 
be  therm odynam ically  more s tab le  than the A  isomer for the s y s t e m . ^  
Hidaka e t  a l . , iso la te d  and a ss ig n e d  the structures of the ch iral 
d iastereo m ers for the system  [C o(ox)2 (S -s e r ) ] - , how ever, the isomer 
ratio  w as not reported . Therefore it is  not known whether or not S - s e r  
c a u s e s  s te r e o s p e c i f ic i ty  in ox sy s te m s .
It was fe lt  that preparation of the system  [C o (a c a c )2 (S -ser)]  in the 
p resen ce  of c h a rc o a l ,  which a c t s  a s  a c a ta ly s t  for equilibrating  Co (III)
O Q
c o m p le x e s ,  would serve to t e s t  the s te r e o s p e c i f ic i ty  of S - s e r  in 
d iketonate  co m p le x e s .  The diastereom er A  - [ C o ( a c a c )2 (S -ser)]  could 
be s ta b il iz e d  by a hydrogen bond attachm ent of the S - s e r  ligand to the 
oxygen donor atom of an a d ja c e n t  a c a c  ligand .
Preparation o f the Complex 
[ C o (a c a c )2 (S -ser)]
The complex [C o (a c a c )2 (S -ser)]  w as prepared by ligand exchange 
with [C o (a c a c )3] and neutra lized  S - s e r  in aqueous methanol so lv e n t .
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Activated ch arco a l w as added to c a ta ly t iz e  the r e a c t io n .  The crude 
re ac tio n  products were chromatographed on an alumina column eluting 
with e th y la c e ta te  and ethanol so lvent m ixtu res , Table  1. Unreacted 
[C o (a c a c )3] was f irs t  eluted  from the column follow ed by a s ing le  blue 
band w hich w as the desired com p lex . The blue com plex [C o (a c a c )2 (S -ser)]  
w as chromatographed again  on alumina with no ev id en ce  of d iastereom er 
se p a ra tio n . Fractionation  of the e luent from the column follow ed by pmr 
sp e ctro sco p y  revea led  that a l l  fraction s contained  th e  same m ater ia l .
PMR of the complex
Pmr sp ectra  in D2O so lv en t shows the com plex [C o (a c a c )2 (S -ser)]  
e x h ib its  four methyl s in g le ts  and a s l ig h tly  broadened methine reso n an ce  
region for the protons of the a c a c  l ig an d s. C h em ica l sh if ts  are given in 
Table  2 .  The n o n -e q u iv a len ce  of the a c a c  methyl groups ind icate  
symmetry and a ls o  su g g e sts  that only a s in g le  d iastereom er is  p re se n t .
The S - s e r  portion of the com plex e x h ib its  an ABC pattern that is  not 
e a s i ly  solved for individual proton ch em ica l s h i f t s .  This is to be 
e x p ected  s in c e  S - s e r  co n ta in s  a methylene group a d ja c e n t  to an 
asym m etric  carbon atom .®^ Since  the ch em ica l sh if ts  of the S - s e r  
asym m etric  carbon atom methine protons were not obtained for the two 
p o s s ib le  h e l i c a l  forms o f the co m p lex , ch ira l  a ss ig n m en ts  by pmr are not
p o s s i b l e .
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CD sp ectra  of the complex
The v is ib le  absorption CD spectra  of [C o (a c a c )2 (S -ser)]  , obtained
from D r. G .  W .  Everett a t the U niversity  of K a n sa s ,  re v e a ls  only a
s ligh t o p t ic a l  a c t iv i ty  for the com p lex . This o b serv ation  is  unlike that
found for the p rev iou sly  d escrib ed  [C o (a c a c )2 (S -am ac)l com plexes and
probably re su lts  from having a mixture o f two ch ira l d ia s te re o m e rs . The
v ic in a l  e f f e c t s  o f  the S - s e r  ligand could be re sp o n sib le  for the sm all
1 7n o n -zero  CD curve of the com p lex .
S te re o s p e c i f ic i ty  of S -s e r in e  
in a c a c  com p lexes
C o n flic t in g  o b serv atio n s  by pmr and CD sp e ctro sco p y  for the com ­
plex [C o (a c a c )2 (S -ser)]  serve to i l lu stra te  a m islead ing  c a s e  of near 
m agnetic d eg en eracy  for the a c a c  methyl protons of two d iastereom eric  
co m p lexes  . Pmr line counting of the 60 M egahertz (MHz) spectrum of 
[C o (a c a c )2 (S -ser)]  would predict the p re sen ce  of on ly  a s ing le  
d iastereom er p o s s e s s in g  C j symmetry, w hile  CD in d ica te s  the p resen ce  
o f  a mixture of two chiral iso m ers .
It is  sound reasoning  that a mixture of d iastereo m eric  m o lecu les  is 
present if ce r ta in  protons in the sample exh ib it  n o n -eq u iv a len t ch em ica l 
s h i f t s ,  how ever, th e  assum ption that d iastereom ers or even geom etric
O I
isom ers must re v e a l  unlike pmr sp ectra  can lead to fa ls e  c o n c lu s io n s .  1
A sim ilar  situ ation  for the com plex [ C o f a c a c ^  ( 2 S , 3R-thr)] has been  
82found by W in g ert.  W hile  the 60 MHz pmr spectrum of th is  complex
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in d ica te s  the formation o f only a s in g le  d iastereo m er, 100 MHz sp ectra  
proves that near m agnetic degeneracy  of the a c a c  protons has occurred 
betw een the chiral d ia s te re o m e rs . D irect proof that the sample c o n ­
tained an equimolar mixture of the two d iastereom ers w as provided by 
observing ch em ica l sh ifts  and coupling co n sta n ts  at different pmr field  
s tre n g th s .  The two doublets rev ea led  by the 60 MHz spectrum for the 
ch e la te  ring methine proton of coordinated 2 S ,3 R - th r  could have a r ise n  
from trans N-H coupling to the methine proton for a s in g le  ch iral 
d iastereo m er. H ow ever, pmr sp ectra  at 100 MHz re v e a ls  the p resen ce  
o f  two unlike methine protons s in c e  the ch e m ica l sh ift betw een the
n  o
doublets  is fie ld  d ep en d en t . 00 This is  an e x c e l le n t  example of the 
v alue  of pmr sp e ctro sco p y  a t  d ifferent m agnetic  fie ld  s tren g th s .
By a n a lo g y ,  the complex [C o (a c a c )2 (S -ser)]  is  exp ected  to behave 
much like  [ C o l a c a c ^  (2S , 3R-thr)] s in c e  both system s contain  hydroxl 
fu n ction al group amino a c i d s .  Therefore it is concluded that S - s e r  does 
not impart a s te r e o s p e c i f ic i ty  by some hydrogen bond m echanism s to the 
com plex [C o (acac)^  (S- ser)] .
The [C o (acac)  ( S - a l a ^ l  System
Stereochem istry
Six  s tereo iso m ers  are p o s s ib le  for the complex [ C o ( a c a c ) ( S - a la ^ ]  
and th e s e  are shown in Figure 9 .  The isom ers are A  and A  - t r a n s -
N -C 2 , A  and A  - c i s -N -C g  and A  and A - c i s - N - C  ̂ / a s  shown
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previously  in Figure 9 .  On a s t a t i s t i c a l  b a s is  the product ratio is 
exp ected  to be 25% t r a n s -N -C g  , 25% c i s -N -C g  and 50% c i s -N -C ^  with 
a 5 0 : 5 0 ,  / \  to _A_ probability  within each  se t of geom etric  isom ers.
This prediction does not take  into con sid eration  any non-bonded s te r ic  
in terac tio n s  betw een the l ig a n d s .  H ow ever, a n a ly s is  of sp a ce  filling  
m olecular models re v e a ls  no seriou s s te r ic  crowding e x is t s  that would 
prohibit th e  formation of any of the is o m e r s . Thus the formation o f a l l  
s ix  p o ss ib le  s tere o iso m e rs  is  to be exp ected  a s  Berends found for the 
sim ilar  system  [Co(ox) (S -a la Jg ]”  . ^  ' 42
Preparation and separation  
o f  the isom ers
F u jii  and E j i r i65 have reported the preparation and id en tif ica tion  of 
one isomer for the com plex [C o (a ca c)  ( S - a l a ^ j . Their method involved a 
ligand exch an ge  re a c tio n  of [C o (a c a c )3] and neutralized  S - a la  in aqueous 
methanol so lv en t with a c t iv a te d  ch a rco a l  a s  a c a t a ly s t .  The complex 
reported w as iso la te d  by frac t io n a l c r y s ta l l iz a t io n .
In th is  work the method o f Fu jii  and E i i r i ^  w as used to prepare the 
complex [C o (acac)  ( S - a l a ^ ]  , how ever, an alumina chromatographic 
column w as employed in separating the components of the crude reactio n  
m ixture. Elution of the com plexes w as carried out with a s e r ie s  of binary 
so lvent mixtures using chloroform , e th y la c e ta te  and ethanol by slow ly 
in creasin g  the eluting strength of the so lv e n t .  Table 1. The green s ta r t ­
ing m aterial [C o (a030) 3] is  f irs t  removed from the column followed by the
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blue d iastereo m ers of [C o (a c a c )2 (S -a la )]  a s  d escr ib ed  p reviou sly . W ith 
s te a d ily  in creasin g  amounts of ethanol in the eluting so lv en t a s e r ie s  of 
s ix  red , blue and pink bands appear on the column. Following sev era l 
chromatographic runs pure sam ples of each  of the stereo iso m ers  were 
o bta in ed . The isom ers are lab e led  A through F (see  Table 4) in the order 
of e lution  (A being eluted  f i r s t ) . Severa l bands remain at the top of the 
column w hich com prise the w ell  ch arac ter ized  [C o (S -a la ) 3] sy stem . ^ ' 84
A sy s te m a t ic  approach to structural 
a ss ig n m en ts  of the isomers
S in ce  the s ix  s tereo iso m ers  of the system  [C o (acac)  ( S - a l a ^ ]  e x is t  
a s  d iastereo m ers and geom etric  iso m e rs ,  a step by step a n a ly s is  is  
required in order to make stru ctural a s s ig n m e n ts .  Pmr line counting can  
be used to c la s s i f y  the symmetry o f  the iso m e rs ,  ^  therefore  n e c e s s a r i ly  
revea lin g  the geometry for the C-  ̂ symmetry c a s e .  V is ib le  absorption 
sp e ctro sco p y  should then d istin gu ish  the t r a n s -N  isom ers from the c i s -N 
isomers for the remaining C 2 symmetry co m p le x e s .  ^2 Only after  the 
isom ers are paired according to geometry can  pmr bond an iso tro p ic  
d esh ie ld in g  arguments be applied to make ch ira l a s s ig n m e n ts . 82 in 
theory CD can  be used to a s s ig n  the ch ira lity  of e a ch  of th e  isomers
without re fe re n ce  to geom etric  p a ir s .
TABLE 4
SPECTRAL DATA, SYMMETRY AND GEOMETRY FOR THE 
COMPLEXES [Co(acac)  (S -a la )2]
Pmr Chemical Shif tsa
Visible S - ala a c a c
Absorption 
Isomer0 M a x . c Metnine Methyl Methine Methyl Symmetry Geometry
A 524 3 . 7 7 1 . 5 7 5 . 7 5 2 . 0 5 c 2 trans
B 570 3 . 8 7 1 . 44 5 . 8 3 2 . 2 4 c 2 c i s
C 524 3 . 9 1 1 . 5 1 5 . 7 4 2 . 0 4 C 2 trans
D 5 70 3 . 7 6 1 . 5 4 5 . 8 5 2 . 2 7 C 2 c i s
E 532 3 . 5 2
3 . 7 0
1 . 39
1 . 5 1
5 . 8 0 2 . 0 5
2 . 2 7
C 1 c i s
F 533 3 . 6 6
3 . 8 1
1 . 4 0
1 . 4 7
5 . 7 8 2 . 0 5
2 . 2 8
Cl c i s
aValues for the ch e m ica l  shifts are given in ppm from the internal re ference  DSS in D2O so lvent .
^Isomers  are l is ted in the order of elution from the chromatographic column with isomer A being
eluted f i r s t .
c Vis ib le  absorption maxima are given in nanometers (nm) from spectra  obtained in water so lvent .
C l a s s i f i c a t i o n  of the isomers of 
[C o(acac)  ( S - a l a ^ ]  by symmetry
Pmr c h e m ica l  shif ts  in D2O for the s ix  isomers of [ C o ( a c a c ) ( S - a l a ^ ]  
are given in Table 4 .  For the isomers with C 2 symmetry the two S - a l a  
l igands are  interchanged by the C 2 rotation a x i s  and are therefore 
ch e m ic a l ly  and m agnetica l ly  equ iv a len t .  The methyl groups of the a c a c  
l igand for the C 2 isomers are a l s o  ch e m ica l ly  and m agnetica l ly  equiv a­
lent a s  a resul t  of  the C2 symmetry.  The a c a c  methine proton s ingle t  
resonan ce  appears downfield from the other protons in th e s e  complexes  
and ult imately  proves very usefu l  in observing the p re sen ce  of  a pure C j  
i som er .
Isomers E and F from the alumina column e a ch  exhib i t  two non­
equivalent  S - a l a  pmr spectra  cons is t ing  of two methyl doublet and two 
methine quartet  r e s o n a n c e s .  Also two m agnetica l ly  non-equivalent  a c a c  
methyl s in g le ts  are observed along with a s ingle  a c a c  methine peak.
Bands E and F can  e a ch  be shown to be a pure isomer and not an 
equimolar mixture of two C 2 isomers by the s ingle  a c a c  methine 
r e s o n a n c e .  An equimolar mixture of two C 2 isomers would be expected  
to produce nearly  the same pmr pattern a s  would a s ing le  C  ̂ isomer were 
it not for the methine of the a c a c  l igand. However,  two C 2 isomers are 
expected  to exhib i t  individual no n-equ iva lent  methine a c a c  s ingle t  
r e s o n a n c e s ,  while  a C j  isomer can have only a s in g le  a c a c  methine
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r e s o n a n c e .  Util izing th is  argument bands E and F e a c h  with a s ingle  
a c a c  methine re so n an ce  are a s s ig n e d  symmetry.
The first  four ban d s ,  A, B,  C and D were e ach  found to exhibit  a 
s ing le  S - a l a  pmr spectrum c o n s is t in g  of a methyl doublet and a methine 
quartet  r e s o n a n c e .  Each isomer a l s o  exh ib i ts  an a c a c  methyl s ingle t  and 
an a c a c  methine s ing le t  r e s o n a n c e .  Only a complex p o s s e s s i n g  C2 
symmetry for [ C o ( a c a c ) ( S - a l a ^ l  could produce th is  pmr spectrum in 
which the integrated a c a c  and S - a l a  methyl regions are of equal a re a .  
Thus bands A, B,  C and D are a s s ig n e d  C2 symmetry,  a s  shown in 
T ab le  4 .
Geometry ass ignm ents
In the above symmetry c l a s s i f i c a t i o n ,  isomers E and F of 
[C o (ac ac )  ( S - a l a ^ l  were found to have symmetry which is only 
p o s s i b l e  for the c i s - N - C   ̂ geometr ic arrangement (see  Figure 9) .  For the 
remaining C2 i so m e rs ,  A, B,  C and D ,  it is f irst  required to match 
geom etr ies  or in other words find out which isomers const itute  a chiral  
d ias tere o m e r ic  pair before geometr ies  may be a s s i g n e d .
Idealized symmetry,  which co ns id ers  only the donor atom arrange­
ment about metal  atom, would predict  that the two t r a n s -N diastereomers 
absorb  v i s i b l e  l ight at very near ly  the same w a v e le n g t h . ^  This is a l s o  
true for the  c i s -N arrangement.  An except ion  to th is  rule was  reported 
by Wingert et a l . ^ 4  Values obta ined from the v i s i b l e  absorption spectra
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of  the C 2 isomers are given in Table 4 .  The v i s ib le  absorption maxima 
for isomers A and C at 524 nm, and maxima for B and D at 570 nm, are 
interpreted to mean A and C have the same geometry a s  do B and D.
Chem ical  shif ts  for the a c a c  methyl re s o n a n c e s  for isomers A and C 
are nearly  the same a s  are th e s e  re s o n a n c e s  for isomers B and D. As 
g iv en in Table  4 ,  A and C have a c a c  methyl s in g le ts  at 2 . 0 5  and 2 . 0 4  
ppm and for B and D th e s e  va lu e s  are 2 . 2 4  and 2 . 2  7 ppm r e s p e c t iv e ly .  
Isomers of the same id ea l ized  geometry have been shown by Juhala for 
[Co(NTA) (tfa)] to have very similar anisotropies  for protons in the 
molecule  which are far removed from C -O  bond anisotropic  deshie lding
/ T O
e f f e c t s .  In other words the t r a n s - N - C ?  isomers of [ C o ( a c a c )2 (S-ala)]
would be exp e cte d  to have similar to ta l  magnetic environments as  would
the c i s - N - C ?  i so m e rs ,  but between the two geometr ies  th is  environment
can  be d if ferent.  S in ce  A and C have similar a c a c  methyl re so n a n ce s  a s
do isomers B and D ,  pmr can be used to support the ass ignment of
geometr ic pairs obtained by v i s ib le  absorption sp e c t ro sco p y .
A c r y s ta l  f ie ld  model was used to a s s ig n  geometr ic structures to
the C2 d ias tereom eric  pairs of [C o(acac)  (S -a la )2] . It has  been found for
38 _ 68 ,  86
the s y s t e m s ,  [Co(ox) ( S - a l a ) 2J , [Co(ox) (gly)2J , [Co(ox)-
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( S - s e r ) 2l , [Co(ox)(  - a l a ) 2] , [Co(ada)2l and [C o(m al) (g ly^]  ,
that the t r a n s -N geometry e xh ib i ts  a spl it t ing  ( i . e .  , a shoulder) of the
long wavelength v i s i b l e  absorption band whereas  c i s -N geometry shows
no such sp l i t t in g .  Also the t r a n s -N  isomers exhib i t  a higher energy
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(shorter wavelength) absorption maxima than do the c i s -N  isomers for 
th is  absorption band.
No split t ing of the long wavelength v is ib le  absorption band was 
observed for any of the C 2 isomers of [ C o ( a c a c ) ( S - a l a ^ l  . Therefore the 
spli t  band cr iter ia  cannot be u sed to a s s i g n  the t r a n s -N geometry in th is  
s y s te m .  However,  isomers A and C of [ C o ( a c a c ) ( S - a l a ) 2l exhibi t  a long 
wavelength v i s ib le  absorption maxima at 524 nm or at  higher energy than 
isomers  B and D which absorb  at 5 70 n m . Hence  by analo gy to  the above 
sy s te m s  the d ias tereom eric  pair A and C is a ss ig n e d  t r a n s - N - C 9 geometry 
and the B and C pair is  a s s ig n e d  c i s - N - C ?  geometry .  Failure to observe 
the spli t  band has  led other re se a rch e rs  to incorrect ly  a s s ig n  the structure 
o f  an isomer of [C o(acac)  ( S - a l a ^ ]  0 (probably b e c a u s e  they did not 
i s o la te  a l l  s ix  isomers of the sy s tem ) .
Chiral  ass ig n m en ts  by PMR for 
the t r a n s - N - C 2 d iastereomers
Isomers A and C of [Co(acac)  ( S - a l a ^ l  were a ss ig n e d  t ra n s - N - C 2 
geometry above and only at  th is  point can  the ch ira l i ty  of th e se  
d ias tereom ers  be predicted on the b a s i s  of pmr chem ica l  shift  arguments.  
Values for the ch e m ica l  shif ts  of  the isomers are given in Table 4 .
Isomer C e xhib i ts  a methine proton quartet  resonance  for coordinated 
S - a l a  at  3 . 9 1  ppm or downfield re la t ive  to the corresponding methine 
re so n a n ce  of isomer A which is  ce n ter  at  3 . 7 7  ppm. Space fi l l ing 
molecular  models revea l  that A  - t ra n s - N - C 2 ~[C o(acac)  ( S - a l a ^ l  p la c e s
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the  S - a l a  methine proton d irect ly  in l ine with the C -O  bond of  an a d ja c e n t  
a c a c  l igand a s  shown in Figure 18.  Models a l s o  show that A  - t r a n s - N -  
C 2 - [ C o ( a c a c ) ( S - a l a ) 2l p la c e s  the methine proton of S - a l a  above the C -O  
bond of a coordinated a c a c  l igand as  shown in Figure 19.  In both c a s e s  
only one S - a l a  methine need be shown b e c a u s e  the complexes  have C2 
symmetry and thus the S - a l a  l igands are chem ica l ly  and m agnetica l ly  
e q u iv a len t .  Applying bond an iso tro p ic  deshie ld in g arguments ,  a A  
h e l ix  for th is  complex is predicted to exhib i t  a deshie lded S - a l a  methine 
proton re la t iv e  to a A  h e l i x .  On th is  b a s i s ,  isomer C with the down- 
f ie ld  S - a l a  methine re so n a n ce  is a s s ig n e d  A  h e l ix  and isomer A is 
a s s i g n e d  a A  h e l i x .
Isomer C exh ib i ts  a pmr methyl doublet resonan ce  for the S - a l a  
l igand centered at 1 . 5 1  ppm and isomer A exhib i ts  a corresponding 
doublet resonan ce  centered at 1 . 5 7  ppm. Thus in isomer A the methyl 
group of S - a l a  is downfield by 0 . 0  6 ppm re lat ive  to  isomer C .  Figure 2 0 
shows the methyl group of S - a l a  in a A  h e l ix  of th is  system is in l ine 
with a C -O  bond of an a d ja c e n t  a c a c  l igand. Figure 21 shows the A  
h e l ix  for th is  system p la c e s  the methyl group of S - a l a  above the C-O 
bond of an a d ja c e n t  a c a c  l igand.
Bond anisotropy predicts a deshie lded methyl resonan ce  for S - a l a  
in A  - t r a n s - N - C ? - [ C o ( a c a c )  (S -a la )? ]  re la t ive  to the A  isomer.  Thus 
isomer A with the downfield S - a l a  methyl resonan ce  can be a ss ig n e d  the 
A  chira l i ty  and isomer C is a s s ig n e d  a A  ch ira l i ty .  This is in
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F ig .  1 8 . — Methine proton of S - a l a  in _/V_ - t r a n s - N - C 2 ~[Co(acac)  
- a l a ) 2] in l ine with a C -O  bond of the a c a c  l igand.
F ig .  1 9 . - - M e t h i n e  proton of S - a l a  in / \  - t r a r i s - N - C 2_ [Co(acac)  




F ig .  2 0 . - - M e t h y l  group of  S - a l a  in / \  - t r a n s - N - C ? - [ C o ( a c a c )  
S - a l a ) 2l in l ine  with a C -O  bond of the a c a c  l igand.
Fi g.  2 1 . - - M e t h y l  group of  S - a l a  in A  - t r a n s - N - C 2 ~[Co(acac)  




agreement  with predict ions made above from the re la t ive  chem ica l  shif ts  
of  the S - a l a  methine proton.
The chem ica l  shift  of the S - a l a  methyl groups for the diastereomers 
is smal ler  (0.0 6 ppm) than the chem ica l  shif t  for the methine protons 
(0 . 14 ppm). This is to  be exp e cte d  s in c e  the methyl groups are in a 
pseudo equatoria l  posit ion on the ch e la te  ring and thus farther from th e  
source  of the anisotropic  deshie ld in g than the pseudo a x ia l  methine 
p ro to n s .
Chiral  ass ignm ents  
by the CD method
V is ib le  CD s p e c t ra ,  a s  i l lustrated in Appendix II ,  show a large 
pos i t ive  long wavelength absorption band for isomer C indicative  of a 
A  hel ix  and a large negative  absorption band for isomer A indicating a 
/\  h e l ix  (see  Table  5 ) .  ^  Thus pmr and CD chiral  ass ig nm ents  for the 
d iastereomers  of t r a n s - N - C ?  - [C o (a c a c )  ( S - a l a ^ l  are in agreement .
Chiral  ass ig nm ents  by PMR for 
the c i s - N - C ?  diastereomers
For the system [C o(acac)  (S -a la ^ T  , isomers B and D were a ss ig n e d  
c i s - N - C ?  geometry from v is ib le  absorption spectro sco py  as  d isc u sse d  
p reviou s ly .  S ince  the isomers are d ia s t e r e o m e r ic , bond anisotropic  
deshie ld ing  arguments and pmr ch e m ica l  sh i f ts  can  be used to make
chira l  a s s ig n m e n t s .
TABLE 5








A. t r a n s - N - C 9 A (-) A
B. c i s - N - C 2 A (+) A
C .  t ran s-N -C o A (+) A
D. c i s - N - C 2 A (-) A
E. c i s - N - C ^ A (-) A
F .  c i s - N - C i A (+) A
Sign indicates  the sign of the dominant CD band in the long wavelength region as  measured 
in water .
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Chem ica l  shift  v a lu e s  are reported for isomers B and D in Table  4 .  
Isomer B e x h ib i t s  an S - a l a  methine quartet  resonan ce  at 3 . 8 7  ppm which 
i s  downfield from the corresponding methine resonance  of isomer D at 
3 . 7 6  ppm. The S - a l a  methyl s ig na l  re so n a te s  at 1 . 4 4  ppm for isomer B 
and at 1 . 5 4  ppm for isomer D. Thus isomer B has  a deshie lded S - a la  
methine and a shie lded S - a l a  methyl resonance  re la t iv e  to D.
Examination of sp ace  f i l l ing molecular models re v e a ls  that 
A . - c i s - N - C 9~[C o(acac)  ( S - a l a ^ ]  p la c e s  the methine proton of  S - a l a  in 
l ine with the C -O  bond of an a d ja c e n t  a c a c  l igand a s  shown in Figure 2 2 .  
A . A  h e l ix  for th is  system r e v e a ls  the S - a l a  methine is in l ine with an 
N -D  bond of the ad jac en t  amino a c id  l igand shown in Figure 23 . In the 
A  h e l ix  the S - a l a  methine is deshie lded by a C -O  bond, however,  in 
the A  ch ira l i ty  the methine is a l s o  d e sh ie ld e d ,  in th is  c a s e  by N-D 
s t e n c  co m p re ss io n .  w
Figure 24 i l lu s tra tes  that a A  hel ix  for the system p la c e s  the 
methyl group of S - a l a  in l ine with an N-D bond of the other S - a l a  ring.  
This  would c a u s e  the methyl group to be deshie lded by s ter ic  com­
p r e s s i o n . ^  In the A  conf iguration the S - a l a  methyl group is in l ine 
with a C - O  bond of an a d ja c e n t  a c a c  ligand a l s o  in a deshie lded posit ion 
a s  shown in Figure 2 5 .
Thus the diastereomers  of c i s - N - C g - C C o f e c a c H S - a l a ^ ]  present a 
si tuat ion in which the methine and methyl groups of S - a l a  are predicted 
to be deshie lded  in both chiral  forms of the com plex .  Pmr chem ica l  sh i f ts
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Fi g.  2 2 . - - M e t h i n e  proton of S - a l a  in A -  c i s -N -C g  - [C o  (acac)  -  
S - a l a ^ ]  in l ine with a C -O  bond of the a c a c  l igand.
F i g . 23 . - - M e t h i n e  proton of  S - a l a  in A - c  i s - N - C 2 - [ C o ( a c a c ) -  





a la ^ ]
Fig
ala)2l
. 2 4 . — M ethyl group of  S - a l a  in J\_  - c i s - N - C ? . - [ C o ( a c a c )  
in l ine with an N-D bond of  the a d ja c e n t  S - a l a  l igand.
. 2 5 . - - M e t h y l  group of  S - a l a  in /S. - c i s - N - C 2 ~[Co(acac)  




for the diastereomers  in d ica te ,  however,  that one of the sources  of 
deshie ld in g must be more e f fe c t iv e  than the other due to the methine 
being downfield in isomer B and the methyl group resonating downfield 
in isomer D .
Berends found that for the A  and A  chiral  forms of c i s - N - C ? -  
[Co(ox) ( S - a l a ^ l  ~ , C -O  bond anisotropy was more e f fe c t iv e  than N-D 
s ter ic  compressio n in deshie ld ing the protons of the S - a l a  l igand. 
Berends'  co n c lu s io n  is  .logical i f one considers  the ch arac te r  of a C -O  
bond of  coordinated a c a c .  X -ra y  data shows that the C -O  bond length
O O
of an a c a c  l igand is  approximately 1 . 2 6  A for se ve ra l  sy s tem s  studied. 
This  bond length is  similar to the carbonyl bond length in simple 
a ldehydes  and k e t o n e s .  Q u al i ta t iv e ly  it is presumed that the C-O 
bond of an a c a c  l igand p o s s e s s e s  double bond charac ter  and therefore  
would exhib i t  a much stronger magnetic anisotropy than an N-D s ingle  
b o n d . 90
From th e s e  o b s e r v a t io n s ,  isomer B of [Co(acac)  ( S - a l a ^ l  with the 
downfield methine resonan ce  for S - a l a ,  is  a ss ig n e d  the A_ h e l ix .
Isomer D which exh ib i ts  a more downfield methyl reson an ce  for S - a l a  is  
thus a s s ig n e d  a A  h e l ix .
Chiral  ass ig n m en ts  
by the CD method
Isomer B e x h ib i t s  a po s i t ive  long wavelength v i s ib le  CD band 
indicat ive  of a A  h e l ix  and isomer D e xh ib i ts  a negative  long
99
wavelength v i s ib le  CD curve indicat ive o f a  A  h el ix  (see  Table 5 and 
Appendix II ) .  14 Thus the pmr and CD ch iral  ass ig nm ents  are in agreement 
for the isomers of th is  s y s te m .
Chiral  ass ig nm ents  by PMR of 
the c i s - N - C ^  diastereomers
Isomers E and F of the system [ C o ( a c a c ) ( S - a l a ^ ]  were shown pre­
v io u s ly  to p o s s e s s  c i s - N - C ^  geometry from their pmr s p e c t ra .  S in ce  the 
isomers are diastereomers with the same geometry,  pmr arguments may be 
used to make ch ira l  a s s ig n m e n t s .  The pmr chem ica l  shif ts  for the l igands 
in isomers E and F are given in Table 4 .
Isomer E e xh ib i ts  methine re s o n a n c e s  for the non-equivalent  S - a l a  
l igands at  3 . 5 2  and 3 . 7 0  ppm. Isomer F exh ib i ts  re s o n a n c e s  for the 
corresponding methine protons at 3 . 6 6  and 3 . 8 1  ppm. Therefore isomer 
F co n ta in s  the most downfield methine ( 3 . 8 1  ppm) resonan ce  s ig na l .
The non-equivalent  methyl groups for the S - a l a  l igand appear at 1 . 39  and 
1 . 5 1  ppm in isomer E and at 1 . 40  and 1 . 4 7  ppm in isomer F .  Thus 
isomer E e xh ib i ts  the most downfield methyl reson an ce  ( 1 . 5 1  ppm).
Inspect ion  of sp a ce  f i l l ing molecular  models r e v e a ls  that 
A  -CL s_-N-C j - [ C o ( a c a c )  ( S - a l a ^ l  conta ins  two s i tuat ions  for the non­
equiv alent methine protons of the S - a l a  l ig an d s .  As shown in Figure 2 6 ,  
one methine is above the C -O  bond of an a d ja c e n t  a c a c  l igand and a s  
shown in Figure 2 7 ,  the other methine is  above the C -O  bond of an 
a d ja c e n t  S - a l a  l igand.  For A -  c i s - N - C  i - [ C o ( a c a c )  ( S - a l a ) 7] the
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F i g . 2 
C o (acac)  (S-
F i g . 2 
C o (acac)  (S-
6 . - - M e t h i n e  proton of an S - a l a  l igand in A  - c i s - N - C ,  
■ ala)2] above a C -O  bond of the a c a c  l igand.
7 . - - M e t h i n e  proton of an S - a l a  l igand in A  - c i s - N - C  i 




methine protons are shown in Figures  28 and 2 9 .  The methine proton in 
Figure 2 8 l i e s  between the N-D bonds of the a d ja c e n t  S - a l a  l igand,  
while  in Figure 29 , the methine is in l ine with the C -O  bond of  the 
a d ja c e n t  a c a c  l igand.  Thus only _/\_ - c i s -N -C -^ - [C o (a ca c )  ( S - a l a M  
co n ta in s  a methine proton of S - a l a  that is  predicted to be deshie lded by 
C - 0  bond anisotropy (see  Figure 29) .  This is  e a s i l y  s e e n  s in c e  in the 
A  h e l i x ,  the S - a l a  methine protons ,  a s  shown in Figures 2 6 and 2 7 ,  
are both shie lded by C -O  bond anisotropy .  In Figure 2 8 ,  one S - a l a  
methine in the A  h el ix  is not s t e r i c a l l y  compressed by an N-D bond 
and is therefore not d e sh ie ld e d ,  ^0 however,  the other methine in the 
A  isomer is  deshie lded by C -O  bond anisotropy a s  shown in Figure 2 9 .  
On th is  b a s i s  isomer F which e x h ib i t s  the most downfield methine 
re so n a n ce  o f  S - a la  is  a s s ig n e d  a A  h e l i x .  Isomer E is therefore 
a s s ig n e d  a A  h e l i x .  Wingert et a l .  used a similar  argument to 
a s s i g n  the d iastereomers  of c i s - N - C j - [ C o ( a c a c ) ( S - v a l ^ ]  . In teres t ing ly ,  
the ch iral  ass ig nm ents  of  the c i s - N - C ^ - [ C o ( o x ) ( S - a l a ) o l  ~ system 
studied by Berends are c o n s i s t e n t  with th is  re aso n in g ,  but the argument 
presented by Berends would incorrect ly  a s s i g n  the ch ira l i ty  of the 
[ C o ( a c a c ) ( S - a l a ^ l  and [C o(acac)  ( S - v a l ^ l  C^ d i a s t e r e o m e r s . ^
The s i tuat ions  for the no n-equ iv a len t  methyl groups of  the S - a l a  
l igands in A  - c i s - N - C  j - [ C o ( a c a c )  ( S - a l a ) 2] are shown in Figures 30 
and 3 1 .  In Figure 30 the methyl group l i e s  between two N -D  bonds of 
the  a d ja c e n t  S - a l a  l igand which is  not expected  to be a deshie lded
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F ig .  2 8 . — Methine  proton of an S - a l a  l igand in A  - c i s - N - C  
[C o (ac ac )  ( S - a l a ^ l  between the N-D bonds of the ad jacen t  S - a l a  l igand.
Fi g.  2 9 . - - Me t h i n e  proton of an S - a l a  ligand in A  - c i s - N - C  ] -  
[C o(acac)  ( S - a l a ^ ]  in l ine with a C -O  bond of the a c a c  l igand.


Fi g.  3 0 . - - M e t h y l  group of an S - a l a  ligand in - c i s - N - C i~  
[Co(acac)  ( S - a l a ) 2] between the N -D  bonds of the a d ja c e n t  a c a c  l igand.
Fi g.  3 
C o (ac ac )  (S-
1 . - - M e t h y l  group of an S - a l a  ligand in /S. - c i s - N - C  




environment.  However,  the methyl group shown in Figure 31 is  in l ine 
with the C -O  bond of the a d ja c e n t  a c a c  l igand in a re la t iv e ly  deshie lded 
environment.  For the A  - c i s -N-C-^ isomer the methyl groups are shown 
in Figures 32 and 3 3 .  In both c a s e s  for a A  h e l ix  the methyl groups 
are in re la t iv e ly  shie lded environments .  Therefore A  - c i s - N - C ^ -  
[C o(acac)  ( S - a l a ^ l  would be exp e cte d  to exhib i t  the most deshie lded 
S - a l a  methyl r e s o n a n c e .  From Table  4 it can  be s e e n  that isomer E,  
which was a s s ig n e d  a A  h e l ix  a b o v e ,  e xhib i ts  the most downfield 
S - a l a  methyl r e s o n a n c e .  Thus ch ira l  ass ig nm ents  made from the S - a l a  
methine and methyl group ch e m ica l  sh if ts  are in agreement .
Chiral  a ss ig nm ents  
by the CD method
V is ib le  CD sp ectra  show a large negative  long wavelength CD band 
for isomer E indicat ing a A  h e l ix  and for isomer F a large pos i t ive  CD 
band indicat ing a A  hel ix  (see  Table  5 and Appendix I I ) . ^  Again the
pmr and CD chira l  ass ig n m en ts  are in agreement .
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Fig .  32 . - - M e t h y l  group of  an S - a l a  ligand in _/\_ - c i s - N - C j -  
[C o(acac)  ( S - a l a ^ l  above a C -O  bond of the a c a c  l igand.
F ig .  3 3 . - - M e t h y l  group of  an S - a l a  ligand in _/\_ - c i s - N - C  




1.  The separat ion and structural  ass ig n m en ts  of fourteen pre­
v iou s ly  unknown diastereomers  for the system [ C o ( a c a c ) n (S -a m a c )3_n] 
where n =  1 or 2 are reported. The diastereomers  are soluble  in ch loro ­
form, a c e t o n e ,  ethanol  and w ater .
2 . The pmr C -O  bond magnetic  anisotropic  deshie ld ing model is  a 
s im ple ,  fa s t  and re l iab le  method for determining the ch ira l i ty  of t r i s -  
c h e la te  C o ^ O ^ )  and 0 0 ( ^ 0 ^) d ias tereom eric  c o m p le x e s .  In every c a s e  
studied the pmr method is in agreement with the o p t ic a l  CD method for 
making the  chiral  a s s ig n m e n t s .
3 .  The magnetic anisotropy of a C -O  bond is more e f fe c t iv e  than 
N -D  s te r ic  compressio n a s  a source  o f  proton deshie ld ing in the A  and 
A  - c i s - N - C 9 - [ C o ( a c a c )  ( S - a l a ^ l  d ia s t e r e o m e r s .
4 .  The argument presented  by Berends for ass ig n ing  chirali ty  to 
the  c i s - N - C  2~[Co(ox) ( S - a l a ^ j  ~ diastereomers  by pmr has  been simplified 
and genera l ized  in order to acco u nt  for the resu l ts  obtained for the 
d ias tereom ers  of [C o(acac)  ( S - a l a ^ l .
5 .  Chem ical  shif ts  that can  be predicted by the C -O  bond model 
are not dependent upon hydrogen bonding so lvents  or ionic  strength of 
the  media surrounding the metal  c o m p le x e s .
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6 . H e l i c a l  d ias tereom eric  complexes  p o s s e s s  no great d i f fe ren ces  
in their to ta l  magnetic  environments that are not e x p la in ab le  by bond 
a n i s o t r o p i e s .
7 .  Complexes of  the type [ C o ( a c a c )2 (S-amac)]  do not exhib i t  any 
s t e r e o s p e c i f i c i t y  c a u se d  by non-bonded in terac t ions  while [Co(ox)2 ~ 
(S-amac)]  complexes  are quite s e n s i t iv e  to th is  phenomenon.
8 . A previously  unknown high y ie ld ,  one step sy n th es is  for the 
complex [RMacac)^] from R h Clg ’ S ^ O  has been developed.  This 
procedure has  s in c e  been used by Everett in the preparation of 
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